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Here’s the answer to a long felt need a 
stable, non-overload pulse amplifier together 
. : . with a precision single channel analyzer - 
Scintillation Spectroscopy all on one standard sized chassis. The am- 
plifier, which employs delay-line clipping 
and long-tailed pair stages with feedback, 


Single Component has good stability, short risetime, and ex- 


cellent overload characteristics. Overloads 
Monitoring as large as a factor of 100 are handled 
gracefully. The pulse height seiector is of 
advanced design and provides short time 
resolution, high base line and window stabil- 


Proportional Counter ity, and low rate dependence. The highest 


quality components and workmanship are 
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CORROSION RATE 
Less than .0002 inches per year 
in boiling, concentrated 
hydrochloric acid. 


World's First Commercial Zirconium 
Heat Exchanger another “first” with 
ZIRCONIUM by The CARBORUNDUM METALS 
Company. Heat Exchanger manufactured 
by Pfaudler Company 


Now... 


corrosion resistance 
to both acids and 


caustics... with 


ZIRCONIUM 


CORROSION VERSATILITY — the ability of ZIRCONIUM Co resist 
both strong acids and caustics, such as molten sodium 
provides completely new concepts in chemical processing equipment 
ZIRCONIUM heat exchangers, for example, permit the cooling of 
strong mineral acids on the tube side, using strong alkalines for coolants 
on the shell side, or vice versa. Corrosion versatility also means savings with 
equipment that is interchangeable. Basic equipment components, made 
of ZIRCONIUM, such as reaction tanks, valves, filter presses and pumps, can now 


be interchanged for service in either strong acids or alkalis 
Z 


For turther information oo th ny service savings and benefits of 
ZIRCONIUM Chemical processing equipment, write to The CARBORUNDUM METALS 
Company. Ask to be placed on the mailing list More ZR Facts", the 


ZIRCONIUM Industry's first continuing sour nical informanon 


The CARBORUNDUM METALS Company 
Akron, New York Production Pioneer of ZIRCONIUM 


Division of THE CARBORUNDUM COMPANY 
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SODIUM IODIDE (Thallium) SCINTILLATION CRYSTALS 


for Gamma Radiation Detection Instruments 


““Harshaw Quality’. . . inherent in each Harshaw-made crystal 


The high purity, clarity, and proper activation of Harshaw 
Crystals are a natural result of our long pioneering experience 
in the delicate art of crystal growing. 


Harshaw Purity means light absorbing impurities are 
reduced to infinitesimal traces. 


Harshaw Clarity gives highest possible transmission of the 
crystal’s own emitted light. 


Harshaw Activation means the optimum thallium concen- 
tration ensuring maximum energy conversion. 


Our crystals are normally supplied hermetically sealed in 
aluminum containers engineered to secure maximum light 
collection. We will custom design these units to fit your spe- 
cific requirements. Harshaw crystals are currently used in 
nuclear physics research, well logging, uranium prospecting, 
medical research, and industrial process and product control. 


No need to specify “‘Harshaw Quality”’. .. you get it auto- 
matically when you order Harshaw Crystals. We encourage 
requests for technical assistance. Prices, specifications, or 
other information will be sent in answer to your inquiry. 


OTHER HARSHAW SCINTILLATION CRYSTALS AVAILABLE IN THE FOLLOWING FORMS: 


Potassium lodide (Ti) * Cesium lodide (Tl) «* Cesium Bromide (TI) 
Anthracene «+ Stilbene * Naphthalene 
Lithium lodide (Eu) for neutron detection . Sodium lodide (rough cut blanks) 


THE HARSHAW CHEMICAL CO. 


1945 EAST 97TH STREET © CLEVELAND 6, OHIO 
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NUCLEAR SYSTEMS 
AND CONTROLS 


Ford Instrument Company’s major interest in the nuclear field is in the 


“8th reactor type,” the. . . 


Closed-cycle gas-cooled nuclear power reactor 


... Both stationary and propulsion plants. 
FICo findings indicate low cost, high thermal efficiency, 


high power capacity, maximum safety and a minimum of moving 





parts for these systems. 


in addition 

For all types of nuclear power plants, FICo is equipped 

to design and manufacture: 

@ Transistor and Magnetic Amplifier Reactor Controls 
Control Rod Actuators of All Types 
Integrated Instrumentation and Control Systems 
Reactor Components 


Remote Handling Equipment 





Sensing, Indicating and Control Instruments 


write to: 


FORD INSTRUMENT CO. 


Division of Sperry Rand Corporation 
31-10 Thomson Avenue, Long Island City 1, N.Y. 
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AT Thompson Products 
THE DECISION IS PRECISION... 





AND THE DECISION WAS [Pj Ale} e| 





Another example of major industry breaking through the problem barrier 
The New Device Research Department, a privately owned laboratory of 
Thompson Products, Inc., recently placed in operation one of the country's 
largest analog computing systems devoted to the solution of acronautical 
control and nuclear control problems 

This PACE Computing System developed by Electronic Associates, Inc 
will also be applied to industrial control problems 

The combination of non-linear and linear computing equipment enables 
wide-range simulation of electrical, mechanical, and pneumatic systems to 
be accomplished 

In research and simulation as vital as those at Thompson Products, the 
major decision is precision. And the high standard of accuracy of EAI 
Equipment sets the PACE for precision in the industry 

For a demonstration or for rental of time, contact our ¢ omputation Centers 
There's a Center serving Eastern Industry in Princeton, N. J.—one serving 
Western Industry in Los Angeles, Calif. For equipment information, write 
Electronic Associates, Inc., Long Branch, N. J., Dept. NU-5 
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Easiest, most economical way 


to leak-test your product 
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24-210 
DETECTOR 


Unlimited applications 
in leak detection 


Now you can test your product for vacuum seal, or 
locate leaks in any pressurized system with pinpoint 


precision and practical economy. CEC’s 2 


4-210 gives 
you highly sensitive leak detection and long, trouble 
free service. Compact and highly simplified, this low 
cost, Mass-spectrometer-type instrument detects leaks 
so minute that 50 years would be required for | cc to 
escape. Easy, convenient operation requires no spe 
cial training or experience. Just plug into a 115-volt 
60-cycle line. Find out how fast the CEC 24-210 Leak 
Detector pays for itself. For detailed information con 
tact your nearby CFC field office or write for Bulletin 
CEC 1830-X20 


Consolidated Electrodynamics 


{cec} 300 North Sierra Madre Villa, Pasadena, California 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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B&W AND ATOMIC ENERGY 


Bc:W Pressure Vessels 


11 FT. DIA. 





























“B&W Clad” is a patented, electric-resistance 
welding process designed and developed by 
B&W engincers specifically to weld station- 
ary-clamped base plate and alloy sheets. 





























REACTOR VESSEL 


This 8500-ton capacity hydraulic press bends 
and forms steel plate often over seven inches 
thick for pressure vessels. 
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For Nuclear Reactors 


* Resist Corrosion « Withstand Thermal Stresses 
¢ Provide Absolute Leak-Tightness 


Unqualified structural soundness throughout is the 
basic requirement for pressure vessels in nuclear 
service —a requirement that B&W pressure vessels 
have been meeting since long before nuclear energy 
became a power source. 
Design, engineering and manufacturing methods for 
B&W pressure vessels, long proved in service, assure 
absolute control over corrosion, thermal stresses and 
leaks. 

Starting the automatic electric welding oper- ; 

ation that follows heavy press forming and As with complete B&W Nuclear Power Systems, 


machine-grooving of edges, to weld the pres- every B&W pressure vessel designed for nuclear use 
sure vessel sections into an integral structure. 
Bottom section, various nozzles and attach- 
ments, lid or closure, are last to be attached. 


represents the combined knowledge and experience 
acquired through long, acknowledged leadership in 
all phases of conventional steam generation, active 
participation in many AEC-sponsored projects, and 
a continuing, intensive program of independent 
nuclear research, by a staff well-qualified for theo- 
retical and experimental work. 

The men, minds, skills, experience and facilities 
needed to build reliable nuclear steam systems or 
components at reasonable cost are yours from 
The Babcock & Wilcox Company, Atomic Energy 
Division, 161 East 42nd Street, New York 17, N. Y. 


AE.22A 


Gamma ray sources have been used by B&W 
for radiographic examinations of weld seams 


in pressure vessels for many years. X-ray BABCOCK 


examinations, by machines of up to 2-million 


volt strength, are also used. & WILCO 
ATOMIC 


ENERGY 
DIVISION 
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Evaluation Study Shows Why 
NUCLEONICS IS THE MOST IMPORTANT 
ADVERTISING MEDIUM 
...in the Growing Nuclear industry 


As part of a continuing effort to keep in personal contact 
with NUCLEONICS readgrs, detailed questionnaires were 
recently mailed to a sample consisting of every fifth sub- 
scriber to the magazine. 

NUCLEONICS readers responded with a healthy 25% return 
..and here are the highlights of several important questions: 


What is Your Company's Main Business? 
24% of the respondents said, “Research and consulting.” 
13% said, “Reactor design and construction.” 
12% said, “Civilian-operated atomic installations.” 


What is Your Company's Major Nuclear Activity? 
25% of the respondents said, “Reactor design and 
construction,” 
16% said, “Manufacturer of nuclear components and 
parts,” 
14% said, “Research and consultation.” 
10% said, “Instrument manufacturing.” 


How Many Fellow Employees Work on Nuclear Projects? 
29% of the respondents said, “1-5 people.” 
11% said, “11-50 people.” 
10% said, 6-10 people.” 
Do You Do Consulting Work? What Kind? 
37% of the respondents said, “Yes, on radioisotope 
applications.” 
18% said, “Yes, on reactors,” 
18% also said, “Yes, on nuclear components, parts 
and accessories.” 
Proof on all counts! NUCLEONICS influences the important 
buying factors in atomic power, nuclear engineering, applied 
radiation fields ... the men your advertising must REACH 
... the more than 15,000 subscribers, as of the December, 
1956 issue! 
Review the complete findings of Report #81 yourself. Send 
or call for a copy of “The NUCLEONICs Subscriber . . . He 
Tells Us Who He Is.” 
Better Yet! Schedule an ad for the July issue... NOW! 


NUCLEONICS ©@@ 


a McGraw-Hitt PUBLICATION 
330 West 42nd Street, New York 36, N. Y. 


ONICS reader 


and his COMPANY 


ADVANCE NOTICE: 
NUCLEONICS 10th Anniversary issue 
Coming in September . . . Reserve Space TODAY 
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The Zirconium Age has arrived! Columbia-National 
Corporation with its new sponge producing facility 
nearing commercial operation offers you a new source 
of zirconium at a new low price 
‘ 
Uniform high quality zirconium is assured by the only : 
fully integrated operation converting zircon sand to 
a sponge at one location under the responsibility of one } 
PRODUCT 
— management. The unique Nitrophos”’ extraction i 
if Hi Purairy / 
Zr process is used to separate and purify zirconium and 
hafnium in this plant 
: Reactor-grade and hafnium-co ining commercial 
grade zirconium sponge will be produced in sufficient 
FEI . 4 quantities to fill government and industry require 
} i 
Zr ments. Leading metal converters and fabricators are / 
He 4 | 
ime } now supplying zirconium mill ar inished products 
There is new opportunity in the Zirconium Age. You 
are urged to investigate its use ir omic reactors and : 
| in process equipment where cx si onditions are : 
EXTRACTANT 4 | 
> v . severe. Columbia-National is ready to help with melt ; 
ing and application assistance. Write for technical data 
| RAFFINATE 
a > on fabrication, properties and corrosion resistance 
Hf plus 3 
= esl % Columbia-National Corporation, 70 Memorial Drive, 
Mw af 4 
Cambridge, Mass 
1 ew Columbia-National Zireon 
Plant near Pensacola, Florida is 
’ t modern in the world, The 
Nitropt process continuously 
ind aut itically separates hafnium 
fr t ir? nd removes impuri 
' thus a ring uniform, high qual 
t ng 
a _ 


_ 4 . -~ ~ 3 a ; { , y 2 : , 
mbia-WN.; a | OT ee semen ae-Bame 
Jointly owned by Columbia-Southern Chemical Corp. and National Research Cor poration 
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PUTTING POWER INTO YOUR EXPANDING PROGRAMS 


ATOMIC, HYDRO and FOSSIL FUEL POWER PLANT DESIGN 
FOR INDUSTRIALS and UTILITIES 


descriptive booklet, 
neering New Horizons” 
of these and 


Pioneer Service & Engineering Co. 


231 SOUTH LA SALLE STREET - CHICAGO, ILLINOIS 


Send for our [ 
| 
| 


other services. 
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COBALT 60 
FOR RESEARCH 


Nuclear Systems has in inventory 
kilocurie quantities of Cobalt 60 
ready for fabrication into whatever 
strength and form you may require. 
Nuclear Systems is equipped to 
produce Cobalt 60 sources up to 
50,000 curies for research studies on 
raw materials, products and 


processes. 





COMPLETE, “PACKAGED”, CUSTOM RADIATION SERVICE 


Whatever your requirements in the field of 
radiation, you can obtain them all from Nuclear 
Systems. 

Radioactive sources of all types and strengths. 
Associated shielding and exposure equipment. 
Detection and control equipment and instru- 
mentation. Consultation, training and irradia- 
tion service. Design service for constructing 


facilities. 











Send your specifications for a quotation to: 


NUCLEAR SYSTEMS 


A Division of The Budd Company ° Philadelphia 32, Pa. 
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To extend the usefulness of electronic data processing. ..in 
industry... business...research... medicine, RCA announces 
new spectacular tools for technological progress—a remark- 
able group of “‘storage’’ tubes that can “‘remember’”’ elec- 
tronic data...slow it down...translate it...or display it. 
Take the RCA-6866 tube for example. Used today in air- 
borne radar, this unique device transposes electronic infor- 
mation into brilliant pictures you can see in bright daylight. 
It can display data in line or half-tone form. It captures 
fixed or slow-moving subjects with equal clarity——‘‘freezes’’ 
millionth-second pulses for study as long as a minute. Visu- 
alize what your electronics engineers can accomplish with 
a tube like this in the design of equipment to transmit 
written information electronically from point to point — to 
reproduce signatures, charts, ticket data, reservations, 
sales orders via regular telephone-type lines— to help ana- 


breezing transients —in Reproduced images of signatures, 
electrical observotion tickets, cherts— tronsmitted via wire 


Brilliant cockpit display of édcto— 


for improved aircraft navigation for medial research 


lyze transient phenomena taking place at super speeds. 

And there are other RCA storage tubes to excite the im- 
agination of engineers. One such tube, the Radechon, can 
take electronic data occurring at phenomenal speeds. ..store 

. then extract any part of it at the same or different 
speeds. Another tube, the Graphechon, translates electronic 
information for reproduction on TV screens wherever 
wanted. Already, Radechons and Graphechons are working 
miracles in data processing. 

Today, RCA is engaged in an extensive storage-tube de- 
velopment program that holds promise of revolutionizing 
industry by electronics. If you see a place for application 
of these new tubes in your future business, write RCA 
Commercial Engineering, Section |)-31-Q, Harrison, N. J, 


( RA ELECTRON TUBES FOR INDUSTRY 


RADIO CORPORATION OF AMERICA, HARRIGON, N. J. 


| 


Making time stond stili— 





Sodium Deuterium Reactor 


Aadlentigg pasha 


By supporting development of the sedium-cooled deuterium. 
moderated type reactor (SDR), the USAEC and NDA are pursu- 
ing the ultimate and eventual objective of producing economi- 
cally competitive nuclear power reactors coupled to conventional 
high temperature turbo generators and natural uranium fuel 
requiring no chemical reprocessing. 

High Temperature * Natural Uranium + No Reprocessing 
SDR (prototype) is being designed for construction and test 
operation as a 10,000 KW electric power plant to be installed in 
the Chugach Electric Association (CEA) system at Anchorage, 
Alaska, by 1962. 

Initial design and development work at NDA scheduled for 
completion in 1958 — including experiments to be conducted at 
NDA‘s Nuclear Experimental Station at Pawling, New York — 
will begin to demonstrate the prospects for SDR during the 
1960's and beyond in a wide variety of sizes, applications and 
locations. 


NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 
White Plains, N. Y. 
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AEC Offers Inducements 
For Private Reprocess Unit 


In furtherance of its desire to have 
private industry provide chemical 
reprocessing services for private re- 
AEC last month offered to 
farm out some of its own fuel-re- 
processing work to a private firm 
willing to build a plant, thereby 
hoping to sweeten the task by in- 
creasing and stabilizing the load. 
Then AEC invited representatives 
of the chemical industry to discuss 
terms of a contemplated invitation 
that might form the basis for a con- 
tract covering AEC procurement of 
services from a_ pri 
vate Thirty-six companies at 
tended,® some of them non-chemical 
firms that sat in as observers. 

AEC had announced it 
to provide chemical 


actors 


repro essing 


firm 


Earlier 
stood ready 
reprocessing services for private re- 
actors pending establishment of com 
mercial reprocessing (NU, March 
57, R3; April, 19). But AEC’s 
determined hope is that it get no 
takers on this offer: rather, that by 
the time the first generation of 
private reactors coming on the line 
in 1960 burn out their first cores, a 
private facility be ready to handle 
them. The meeting on April 25 
testified to AEC’s resolve to end 
uncertainty about reprocessing and 
to prod the chemical industry again 
to enter the field. 

AEC had three questions on its 
mind: if an invitation along the 
lines outlined were actually made, 
would the chemical firms submit 
propos ils? If not, what is the main 
deterrent? and if it be time, when 
could the firms feel it feasible to 
hid? What suggestions can be made 
for alternate bases for proceeding 
now or later? It presented the 
terms of the hypothetical invitation 
ind described its conceptual plant 

Draft invitation: A major require 
ment is that the private processing 
plant would provide capability and 
assurance of 


ri upacity as well as 


ACF Industries, Alco 


Product AMF 


Atomics, American Smelting & 
Ref Anaconda, Babcock & Wilcox, Baker 
* ¢ Bell Aircraft, Blaw-Knox, Columbia 
South Chemical, Davison Chemical, Dow 
Chet sl, Electric Storage Battery Co., Ford 
Instrument, Foster Wheele B. F. Goodrich 
Good Tire & Rubber, O. G. Kelley 
Koppe Minnesota Mining & Mfg., National 
Lead Nuclear Science & Engineering, Glenn 
I M mn, Marvin Marcus Consulting, Olin 
Mathiesor Pennsylvania Salt Mig. Co., Pick 
urd-Warren-Lowe Associates, Research Chemi 
al I Shell Chemical, Sylvania-Corning 
Yuclear, U. S. Radium, U. S. Rubber, Vitro 
Wah Chang Corp., Wyandotte Chemical 
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intention—to handle at reasonable 
cost (within 15% of AEC’s price) 
spent fuel elements from licensed 
reactors including those in the Power 
Demonstration Reactor Program 
AEC-owned fuels to be farmed out 
would include uranium of various 
U™ assays, to be returned as UF,, 
and plutonium, to be returned in 
the form of metal “buttons”; quan- 
tities and other details were told to 
industry, but not the public. 


Ten-Year Arrangement 


AEC says it would be willing to 
let “one or more” contracts of this 
kind for five years with provision 
for extension for five years. 
For evaluating proposals looking to 
such a contract, AEC would ask de- 
tailed breakdown of computation of 
processing charges that the private 
plant intended to set, and plant de 
sign information including process 
flow sheet, showing also treatment 
or recovery of by-product mate ial; 
plant capacity; starting and com- 
pletion dates; estimates of major 
component life under the conditions 
of operation proposed; development 
features; proposed method of stor- 
age or disposition of fission product 
wastes and by-product material; 
proposed detailed operation schedule 
for the first year of operation. 

Conceptual plant description; the 
conceptual design of MCPP (Multi- 
purpose Chemical Processing Plant) 
was carried out by AEC “to allow 
be de 


more 


consistent cost estimates to 
termined for treating the types and 
quantities of fuel expected to be 
available in the period 1960-1967 


The cost estimates are needed as a 
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basis for AEC charges for chemical 
processing of private reactor fuels, 
in the event private processing 1s 
not available.” MCPP consists of 
a number of “head-ends” (handling, 
mechanical treatment, dissolution 
and feed storage) operating batch- 
wise, continuous “tail-end” 
system (liquid-liquid extraction and 
recovery). Tail-end capacity is one 
ton/day of normal slightly 
enriched uranium; since criticality is 
controlled by concentration of solu 
tions, the capacity is reduced for 
higher enrichments. Thorium treat 
ment rate, because of extractability 
characteristics, is % ton/day, unless 
it is discarded with the fission-prod 
uct waste stream, in which case 1 
ton/day can be handled. Feed to 
the plant consists of irradiated fuel 
elements, which may require limited 
mechanical treatment prior to head 
end seed vind are de 
contaminated nitrate salts of uranium 
and plutonium. Head-end equip 
ment is designed to handle the va 
riety of fuels for which reprocessing 
is expected to be required, and 
head-end more than 
one fuel at a time is possible. Be 
tween each batch of fuel treated, a 
certain length of time is allowed for 
shut-down, cleanout and startup of 
the tail-end to prevent mixing of 
uranium of various enrichments or 
of feed streams of different chemical 
composition 

This is the conceptual plant on 
the basis of whose cost ($20,570,000 
to build, $4,592,000/yr to operate) 
AEC announced in March its $15,- 
300 daily processing charge. (For 
additional details see tables p. 22.) 


and a 


dissolution, 


treatment of 


Deadlock Looming in Congress May Stall Atom Work 


This country’s civilian atomic power program is facing the possibility 
of being stalled completely as a result of politics in Congress, 

Recent political jockeying in Washington has seen the Democrats 
move themselves into a strong position to bargain for what they want 


from the Administration and Con- 
gress. Republicans are ready to op- 
pose their demands. 

All this stems from the continuing 
clash of philosophies between the 
two sides—the Democrats wanting 
a large Federal program of power 
reactor construction, the Republi- 
cans contending that industry with 
the help of the Atomic Energy 
Commission is doing the job ade- 
quately, But like an argument be- 


tween man and wife, this one is 
picking up side issues. 

Last year the Democrats lost out 
when the Gore bill, calling for a 
$400-million Federal program of 
reactor construction, was defeated 
This year they plan to achieve their 
objective by hard bargaining. 

The Democrats’ major objectives 
this year are adoption of the Core 
bill's aims, in whole or in part, and 
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reappointment of AEC Commis 
sioner Thomas E. Murray, whose 
term expires June 30. To achieve 
this they are threatening to: 

1. we So approval of AEC’s ap 
propriations requests; 

2. refuse to support the Adminis 
tration-backed Federal 
insurance bill; 

3. refuse to confirm any nominee 
by President Eisenhower for the 
AEC vacancy left by the late Dr 
John von Neumann; 

4. refuse to ratify the Administra 
tion-favored International Atomic 
Energy Agency statute 

Rep. Clarence Cannon (D-Mo), 
chairman of the house ap ropria 
tions committee, has raised the issue 
of blocking AEC’s appropriations 
Last month he challenged the 
legality of the Commission's power 
rogram and urged enactment of 
fogislation calling for construction 
at AEC sites of full-scale atomic 
electric power plants (the Gore 


bill). 


Cannon Standpoint 


indemnity 


Cannon's position is that atomic 
power program is illegal because 
specific projects were not authorized 
by Congress. No further appro 


riations will be made, he says, un 
me projects are authorized 

The Congressman says that 80% 
of the $237-million appropriated or 
requested for AEC’s civilian power 
reactor program in 1956, 1957, and 
1958 lacks specific authorization by 


Congress; that AEC’s “offers of 
subsidies” under its power demon 
stration reactor programs contravene 
the 1954 Atomic Energy Act in 
several respects; that all four major 
construction permits issued to date 
violate the 1954 act; and that AEC’s 
contracts with Yankee Atomic Ele« 
tric Co. and Power Reactor Develop 
ment Co. are invalid 

Whether Cannon's interpretation 
of the 1954 act is right or wrong, 
he can block AEC’s power reactor 
funds, either within ; 
mittee or on a point of order on the 
House floor. A ruling by Speaker 
Rayburn, who is said to be backing 
Cannon in this move, would block 
an appropriations vote. 

JCAE Democrats can back up 
Cannon’s play. They deny any 
part in the strategy because, accord 
ing to Congressional sources, they 
don’t want to be accused of doing 
anything that might be regarded as 
delaying the program or of sparking 
the public -vs- private-power fight 
But through the annual bill for au 


18 


iis Own com 


Fs on a i ? 


Fill ‘er up 


After steaming 69,138 miles over a period of 26 months, Nautilus was refueled at 


her home dock for first time (NU, Feb. '57, R5; March '57, R6). 


Photo shows 


a little of how it was done: across dock at right is huge floating crane; on Nautilus’ 
deck aft of conning tower is a protective structure built over reactor compartment, 


connected by canvas passageway to decontamination barge at left. 


Barge con- 


tains complete equipment for monitoring radioactivity levels (note air vent) 


thorization of AEC appropriations, 
they provide specific authorization 
for various AEC projects; and in 
providing this authorization, the 
Democrats could also provide for 
the construction of large power re- 
actors by AEC, thus achieving the 
intent of the Gore bill. 

Democrats contend that AEC 
would not be in a good position to 
argue against this in the case of at 
least two large reactor types. These 
are the natural uranium gas-cooled, 
and the aqueous homogeneous re- 
actors. They claim AEC sought 
permission from the Budget Bureau 
to undertake these reactors but was 
turned down. 


The Other Side 


JCAE Republicans say the strategy 
won't succeed. Cannon is wrong in 
his interpretation of the 1954 act 
Republicans argue further that the 
present economy-minded Congress 
is not going to _— any multi- 
million dollar Federal atomic power 
program for which there is little 
justification. 

Murray's reappointment _ intro- 
duces a new factor to the picture. 
The ten JCAE Democrats A one 
Republican—Rep. James T. Patter- 
son (R-Conn.)—in a letter to Presi- 
dent Eisenhower have urged that 
Murray be reappointed. Subse- 
quently, Rep. Chet Holifield (D- 
Calif.) pe House Democratic 
Leader John W. McCormack, said 
in effect that without Murray—the 


last Democrat and Democratic ap- 
pointee on AEC—the commission 
would be supine to its chairman 
Lewis L. Strauss. They argued for 
retaining someone with “independ- 
ence of thought” so as to keep the 
JCAE fully informed of what is 
going on. 

President Eisenhower, his assistant 
Sherman Adams, and Strauss ap- 
pear to be or are known Gacatl 
opposed to retaining Murray. 

Because there appears to be no 
room for compromise on this issue, 
Murray's reappointment is highly 
doubtful. Eisenhower can wait un- 
til Congress adjourns and then make 
recess appointments for both Murray 
and the Von Neumann vacancy and 
thus delay the fight over confirma- 
tion until next year. 


Indemnity Involved 


Part of the log-rolling situation 
building up is the Federal indem- 
nity insurance measure which JCAE 
voted to report out early this 
month. Sen. Clinton P. Anderson 
(D.-N. M.) sponsored the bill that 
would provide $500-million _liabil- 
ity coverage for projects in case of 
major accidents. All sides agree on 
the need for this legislation, but 
the Democrats may withdraw their 
support unless they obtain conces- 
sions elsewhere in the atomic pro- 
gram. JCAE Chairman Carl T 
Durham (D-N. C.) will push for 
adoption of the insurance measure 

The bill incorporates another 
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Andersoti meéasute which requires 
AEC to hold public hearings on all 
reactor construction permits and to 
make public the findings of the 
Reactor Safeguards Committee. At 
the same time, the status of» this 
committee would be changed to 
make it an official body instead of 
the advisory group it is now. 

The insurance issue this year 
reached a climax when General 
Electric Co’s Vice President Francis 
K. McCune told Congress his com- 
pany would withdraw from large 
atomic power projects unless Fed- 
eral indemnity protection was voted 
this session. Other large firms in 
atomic energy are re rtedly will- 
ing to accept the Federal Govern- 
ment in the reactor field if that is 
the price that must be paid for ob- 
taining indemnity coverage. 


Compromise? 


All the indicators point to the 
need for compromise if the atomic 
power program is not to be delayed. 
One of the likeliest areas for com- 
promise will be on the authorization 
bill: AEC will be given the authori- 
zations necessary to obtain funds 
from Cannon’s committee, but will 
have to agree to build some reactors. 

Republicans believe they can hold 
the line on Federal reactor construc- 
tion because of the economy wave 
in Congress, and are counting on 
continued opposition from coal-min- 
ing states to the Gore bill. 

The outcome is almost certain to 
be to make AEC more closely 
accountable to Congress for all its 
actions 


Full Steam Ahead 
For Nuclear Navy 


® USS Skate (SNN 578), the Navy's 
third A-sub and first of the new 
“fleet class” boat smaller than the 
oversize Nautilus and Seawolf, will 
be launched May 16 at the yards of 
General Dynamics’ Electric Boat 
division in Groton, Conn. About 
the size of the fleet subs of World 
War II, short and stubby, her keel 
was laid July 21, 1955, -the day Sea- 
wolf was launched; her pressurized 
water reactor is being built by 
Westinghouse. She will be chris- 
tened by Mrs. Lewis L. Strauss. 
Eight officers and 75 men—a smaller 
crew than Nautilus’—will man her. 
[ronically, an earlier sub to bear the 
same name, after sinking 10 fe. 
anese ships in the Pacific, wound up 
as a Bikini target ship, survived two 
blasts, had to be towed to port and 
scrapped. 


® Keel for the Navy’s ninth A-sub, 
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Halibut (SNN 587), was laid at 
Mare Island Naval Shipyard near 
San Francisco. She will be the first 
nuclear-powered guided-missile sub. 
Two other A-subs are underway at 
Mare Island. 


®@ Westinghouse has obtained con- 
tracts for propulsion equipment for 
five A-subs, including steam genera- 
tors, turbines, gears, and condensers. 
They will power Skate and her 
three sister subs, and Halibut. 


® Foster Wheeler and Combustion 
Engineering will build one each of 
the two reactor vessels for AlW, the 
land-based Idaho prototype for the 
Navy’s first nuclear carrier; Foster 
Wheeler and Westinghouse will 
build two each of the four steam 
generators (heat exchangers), Nu- 
cLeonics learns. For the eight- 





reactor carrier itself, the companies 
will split the work in the same 
ratio: FW and CE will each build 
four reactor vessels, and FW and 
Westinghouse each 16 steam gener- 
ators. In addition, Babcock & Wil- 
cox is building the reactor vessel 
and two stéam generators for “A 
jack, and six reactor vessels for the 
six other submarines of that class; 
FW is building 12 steam generators 
and six pressurizers. For the USS 
Long Beach, the first nuclear cruiser, 
CE is building the two reactors ves- 
sels and FW eight steam generators. 
CE has the contract for one reactor 
vessel and two steam generators for 
the S8G project, the land-based 
prototype for the Triton two-reactor 
submarine, and the two vessels and 
four steam generators for the sea- 


going plant. 


Westinghouse gets contract for Belgian Reactor . . . 

After ten months of being sidetracked, Westinghouse’s project 
for an 11.5-Mw power reactor for Belgium is back on the road. 
The company signed a contract with the Société Cooperative 
Electro-Nucléaire for delivery of the pressurized water, slightly- 
enriched uranium oxide fueled reactor. Originally when a pro- 
visional agreement was announced in November 1955, the re- 
actor was to have been placed in Brussels at the 1958 World's Fair 
for which it was to supply both electric power and a main at- 


traction, but objection to the site in June 1956 because of its near- 
ness to the Royal Palace forced abandonment of this plan (NU, 


Feb. '57, R9). 
completion by the end of 1959. 


Now it is to be built at the Mol nuclear center, for 


. . and PRDC, Chugach get AEC Contracts 

Completion of contract arrangements with Power Reactor De- 
velopment Co. and with Nuclear Development Corp, of America 
for power reactors in the AEC’s demonstration program were an- 


nounced by the Commission. 


PRDC will get $4,450,000 in AEC 


research and development aid toward the $47-million cost of its 
Enrico Fermi nuclear power plant (of the total, $33-million is for 
the 100-Mw fast breeder reactor portion of the plant); and also 
waiver of fuel use charges through the first five years of the plant's 


operation, estimated to be worth $5-million. 
chemical processing, but PRDC bears the cost. 


AEC would do the 
The company can 


cancel the contract if satisfactory liability insurance is not ob- 
tainable. The contract with NDA on its proposed 10-Mw sodium- 
deuterium reactor for Chugach Electronic Assn. of Anchorage, 
Alaska, covers only the first of three phases—research, develop- 


ment and preliminary design 


into which the work was divided 


(NU, Sept. '56, Rl); AEC’s contribution to this phase is estimated 


at $1,725,000. 


Negotiation of a second contract is underway, 


covering the remaining phases—final development and design, 


and construction and operation 


which will be done only if the 


first phase shows the concept to be feasible. The contracts are 
the second and third to be signed of seven proposals accepted 
Yankee Atomic Electric’s contract was signed in June (NU, July 
56, R10; March ’57, R3); still under negotiation are Consumers of 
Nebraska, Elk River, Wolverine and Piqua. 





Euratom Sets Plan Details; 
Most Feel Goal Feasible 


A report on how Euratom might 
go about meeting its ambitious goal 

15-million kw of nuclear power by 
1967 (NU, March ’57, R2)—has 
been in preparation in Luxembourg 
Euratom capital, by the group's 
“three wise men” (Louis Armand of 
France, Franz Etzel of Germany 
and Francesco Giordani of Italy) 
aided by U. S. AEC technical ex 
tar The report—due to be pub 
ished early this month—is designed 
to answer the jeers of skeptic $s and 
to help push the Euratom treaty 
signed March 25 in Rome, through 
the ratification stage. Observers 
who have felt that the “how” of the 
Euratom program has been rather 
vague until now were looking to 
that report to provide details. 

Meanwhile Nuc.eonics 
its correspondents in the capitals of 
“Little Europe” (the six Euratom 
nations: France, Germany, Italy, 
Netherlands, Belgium and Luxem 
bourg) to try to determine whether 
informed and responsible opinion 
considered the 15-million kw goal 
feasible or starry-eyed. Only Ger 
many and Italy reported any skep 
ticism. 

German Atomic Minister Sieg 
fried Balke says Germany will be 
able to install three nuclear power 
plants of 100 Mw each by 1965, at 
a cost of $120-million. However 
he believes not more than 500 Mw 
total of nuclear power can be com 
pleted in Germany by that year 
German officials doubt whether the 
Euratom goals will be reached on 
time; the feeling is that while the 
“three wise men” may have a broad 
philosophical idea of how Euratom 
should function, the engineers and 
technicians still have not begun 
work, With Germany’s basic atomic 
law not yet passed by Parliament 
all activities to date have been in 
the hands of private firms 

Italian scientists of the stature of 
Prof. Felice Ippolito, secretary gen 
eral of the National Committee for 
Nuclear Research (CNRN), stoutly 
maintain that the goal is “entirely 
feasible.” He is supported by a 
number of his colleagues, including 
Giordani (who besides being one of 
Euratom’s three “wise men” is 
president of Italy’s new National 
Research Center) who are confident 
that Italy will build its 3-million kw 
share of the Euratom program by 
1962. 


20 


polled 


But they are in the minority. In 
the view of all but a handful of 
Italian experts, it is extremely doubt- 
ful whether Euratom can make it; 
few believe the 15-million kw goal 
can be achieved or is, in fact, any- 
thing more than “a statement of 
laudable intentions.” 

Ippolito and Giordani both admit 
that the Euratom goals can be real 
ized only if the respective parlia- 
ments not only ratify the treaty 
quickly, but also provide the con- 
siderable quantities of capital re- 
quired, U, S. financial and tech- 
nical support, pledged at the Wash- 
ington meeting in February, is 
assumed. 

Skepticism is most pronounced in 
Italian private industrial circles. A 
number of adverse factors are cited, 
not least of which is the snail's pace 
of preparatory work so far. Private 
interests regard “government inter- 
ference” as a potentially retarding 
factor, and if private capital has 
shown reluctance to enter the power 
field, it has been partly because of 
the massive investments and _ risks 
entailed but mostly out of fear of 
nationalization. The trend in Italy 
is distinctly toward nationalization 
of atomic power. Only private con 
cern to take the plunge so far has 
been Edisonvolta of Milan (NU, 
Jan. 57, Rl). Three other groups 
have been contemplating reactor 
plants; assuming all oes projects are 
successfully concluded and that each 
is about the size of Edisonvolta 
130 Mw, Italy would have a total 
of 520,000 kw nuclear by the end 
of 1960, for an outlay of $240- to 
$300-million. Consensus is that 
Italy simply cannot afford the in- 
vestment required to meet the 3- 
million kw goal set by Ippolito and 
Giordani by 1962 or even 1967. 
The scientists of course reply that 
“we cannot afford not to make the 
investment and sacrifices necessary 
to achieve Euratom’s objectives.” 


Others Optimistic 


In the other Euratom countries, 
the goal is considered to be not at 
all out of reach, and it’s felt that if 
the Euratom nations are willing to 
cooperate in a joint effort—and if 
the U. S. and U. K. can provide a 
huge amount of men and materials 

then the task can be achieved 
French leaders give the impression 
the U. S. has assured them of its 
willingness to make the effort. A 
large market for U. S. and British 
reactors is seen in Euratom nations 
some using natural, others enriched 
uranium, 

One warning to American sellers 


comes from Rome. Potentially 
Italy is regarded as a good market 
for American reactors. But Italians 
are cautious buyers given to shrewd 
bargaining over quality, price and 
terms So far only Westinghouse 
in the power field has come up with 
the kind of package that appeals to 
Italian investors. The British, mean- 
while, are reported to be offering 
“very attractive terms” for Calder- 
type reactors. American manufac- 
turers are inclined, it is said, to 
stress cash on the barrelhead and to 
assume a “take it or leave it” atti- 
tude in dealing with potential clients. 
Another word of caution from 
Paris has to do with the Euratom 
goal generally: the ambitious plans 
for 15-million kw assume one im- 
portant political fact; that the Euro- 
peans will all pull together, that no 
“go it alone” demands crop up. 
They also assume that no other 
cheaper energy source comes along 
to take some of the urgency out of 
the program. Yet the Germans and 
Italians are both slowly moving into 
Middle Eastern oilfields, and France 
claims to have oil in the Sahara. 


OEEC Plans Fast Breeder, 
Homogeneous, MTR Units 


Three reactor projects have been 
approved for joint development and 
construction by the 17-nation Organ- 
ization for European Economic Co 
operation. OEEC’s nuclear experts 
feel the reactor types having the best 
chance of finding support among the 
member countries are an aqueous 
homogeneous, a fast breeder, and a 
materials testing reactor. An OEEC 
study group on experimental re- 
actors, headed by France’s Leo 
Kowarski, was given two months to 
draw up final plans for joint con- 
struction of the homogeneous unit. 
Sites for the three projects remain 
to be decided, along with technical 
details. It is understood the British 
OEEC delegate has informally in- 
vited the agency to locate its first 
joint venture near one of Britain's 
research centers. Another OEEC 
study group, headed by Dr. Pohland 
of Germany, is drawing up final 
plans for construction of a_ pilot 
chemical reprocessing plant; 14 of 
the 17 member nations are already 
supporting this project. 


OAS Committee Set Up 
To Promote Training 

A committee on peaceful uses of 
atomic energy was set up late last 
month by the Organization of Ameri- 
can States; one of its first tasks will 
be to train nuclear scientists. 
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Acceleration in France: 2500 Mews by 1965, a Diffusion Plant 


Discussions in Paris over the new 
French five-year atomic energy pro- 
gram, placed before the National 
Assembly last month, seem to indi- 
cate that while France may not 
have lost its oft-stated faith in plu- 
tonium as “the fissionable material 
of the future,” U™ nonetheless will 
play a much bigger role in the 
French program than had_ been 
planned. The new plan, covering 
the period 1957-61, calls for ex- 
penditure of 384-billion francs ($1.1- 
billion), contrasting sharply with a 
total of only 150-billion francs 

$429-million) spent from the in- 
ception of the program in 1945 
through the end of 1957. Few de- 
tails of the program have been re- 
vealed as yet, but reportedly in- 
volved is a project for construction 
of an isotope separation plant. This 
project has stirred up considerable 
debate and will sare be thrashed 
out in public wien the entire five- 
year program is debated on the 
Assembly floor. 

Meanwhile Georges Guille, State 
Secretary for Atomic Affairs has re- 
vealed France is now dickering with 
the U. S. for purchase of more than 
2,000 kg U™; the previous purchase 
contract signed last June was for 
only 40 kg. He explained that 
initially the French chose the plu- 
tonium route partly because it was 
less expensive and because France 
was not in a position to obtain en- 
riched uranium. Now that it has 
become possible to buy U™ from 
“Anglo-Saxon countries,” Guille said, 
the French AEC “henceforth is able 
to provide for construction of more 
and more reactors using enriched 
uranium”; he added that the only 
problem now was to determine 
whether France was to depend on 
foreign sources for its enriched U. 
He said a decision had been taken 
to build its own plant, 
either independently or perhaps 


for France 
under Euratom. 


Alternative Plans 


Reportedly the French have two 
projects in mind for construction of 
an enrichment facility: one plan 
envisages construction of a large 
plant costing 60-billion francs ($171- 
million) but only if Euratom fails 
to undertake such a_ project. If 
Euratom does, then France would 
build a smaller plant just to be 
militarily ilastalbet. 

The five-year program placed 
before the Assembly notes that by 
1965 France should have 800-850 
Mw nuclear installed capacity, but 
it’s no secret in government circles 
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that this goal is a bare minimum 
and that the French AEC and Elec- 
tricité de France, the national utility, 
are right now projecting a new 
goal that assumes ratification of the 
Euratom treaty. Under this goal 
it’s reported the French expect to 
hit 2,500 Mw by 1965 and 4,000 
Mw by 1967 


Russians Start Operating 
Largest Accelerator 


Successful testing of the Russians’ 
10-Bev proton synchrotron, world’s 
largest, was announced at the Joint 
Nuclear Research Institute at Dubna 
near Moscow. Protons have been 
accelerated to an energy of 8.3-Bev, 
and adjustments are being made to 
achieve 10-Bev. 


B&W, George Sharp get merchant ship contracts 
A $9,872,000 contract was awarded Babcpck & Wilcox for de- 
sign, development and fabrication of the reactor ard components 
for the propulsion plant to drive the first merchant ship (NU, Nov. 


56, R2). 


The advanced-type pressurized water reactor is to be 


capable of a developing 20,000 shp continuous output, 22,000 shp 
maximum, using 2.9%-enriched, stainless-clad fuel elements; it will 


power both the propulsion machinery and ship's auxiliaries includ- 


ing shipboard electricity supply, he ating system and cargo-han- 


dling equipment. 


reduction gears and turbo-generators. 


The B&W contract also covers the steam turbine, 


Reactor vessel, shielding, 


reactor spare parts and other propulsion components including the 


single shaft and screw are to be contracted for later. 
New York marine design firm, got the cost-plus-fixed- 


Sharp Inc., 


George G. 


fee contract to design the ship, including preparation of contract 
plans and specifications, hull design, shielding, ventilation, instru- 


mentation and controls. 


three months and final contract plans in seven, 


Preliminary design is to be completed in 


The naval archi- 


tectural firm has retained Walter Kidde Nuclear Laboratories for 


technical assistance in the nuclear phases of the work. 


The vessel 


itself, a $40-million joint project of AEC and the Maritime Admin- 


istration, is to be completed early in 1960. 


Early in May B&W 


announced DeLaval Steam Turbine Co. would design and build 


the ship's main rotating machinery. 


AEC formalizes licensing practice, changes inspecting 
Another rules change has been proposed by AEC to meet criti- 
cism on its methods of handling reactor licensing operations. 
This would make a part of Commission regulations the practice it 
has voluntarily been following since the PRDC squabble broke 


out: to give 15 


» days’ advance public notice of intent to grant a 


license or construction permit, rather than publishing news of an 


accomplished fact, as it had been doing prior to the PRDC dis- 


pute. An alternative procedure under the proposed new rule is 
for AEC to direct, on its own initiative, the holding of a hearing 


prior to issuing a permit or license. 


The mandatory feature of 


the amendment would not apply to export licenses. The an- 


nouncement came a few days after issuance by the Joint Commit- 


tee on Atomic Energy of a study on AEC’s licensing procedures 
The PRDC hearing, incidentally, resumes on May 13 when 
the unions will present their own witnesses, not yet identified. 


It was learned, however, that the unions’ technical advisor is 


Bernard I. 
National Laboratory 


Spinrad, 


head of reactor engineering at Argonne 
AEC has established inspection groups 
in nine Operations Offices throughout the country. 


Each office 


has a specific geographic area in which it is responsible for in- 


spection of access permit holders and licensed users of fissionable 


material and isotopes. 


However production facility and reactor 


inspection will continued to be made from Washington. 





Waste Disposal, Plutonium 
Plants Sought by AEC 


AEC is asking Congress for $4 
million for design and construction 
at the National Reactor Testing 
Station of a waste disposal system 
using the Brookhaven-developed 
calcination system (NU, Sept. ‘56, 
R2). It will provide for calcination 
of waste streams to dry, solid oxide 
forms and subsequent storage of the 
solids, thus reducing the volume of 
tankage and the hazards of storing 
the highly-corrosive liquid wastes; 
by reducing the cost of containment, 
the facility will aid in reducing re- 
processing costs attributable to waste 
disposal. Another AEC request is 
for $10-million for a fuels hee one iin 
center at Argonne that will permit 
cold plutonium handling in kg 
—— and hot plutonium han- 
c ling to 300,000 curies. Laboratory 
space for 265 will be provided as 
well as special-equipment Pu-han 
dling areas. ‘The center is to ad 
vance knowledge in use of Pu and 
its alloys and compounds as nuclear 
fuel. The plutonium function of 
the Center will be a new activity in 
the AEC organization 


Another New ANP Facility; 
Price Pleased by Progress 


Another major new facility for the 
aircraft nuclear propulsion area at 
the National Reactor Testing Sta 
tion in Idaho is underway. Plans 
and specifications have been issued 
for a $6~-7-million installation for 
full-scale developmental testing of 
airplane reactor components during 
which they can be assembled, tested, 
dismantled and analyzed from var- 
ious design standpoints. Included 
are a large test building, a two- 
story control and equipment build- 
ing, miscellaneous supporting build- 
ings, a shielded roadway, four-rail 
dolly trackage system connecting 
with other ANP test facilities, con 
taminated waste system, fuel system, 
and a chlorination building. Bids 
are to be opened May 22, the pre- 
liminary y rane completed by 
December, and construction in two 
years. Burns & Roe is working on 
design. 

Meanwhile Rep. Melvin Price (D— 
Ill.) of the JCAE expressed gratifi- 
cation with progress in the ANP 
program following testimony by Air 
Sans Secretary Donald A. Quarles. 
Price and Rep. Durham had criti- 
cized the ANP “stretch-out” (NU, 
March '57, R6; April, 20). 


AEC Offers inducements for Private 
Reprocessing (p. 17) with these . . . 





. . « Estimated Processing Costs for Fuels 


Annual Unit 
Charge Charge 
( $000 ) ($/Kg U) 


Batch® Processing Plant 
Size Rate Time 
(Kg U) (Kg U/day) (Days) 


Fuel 7 ype A 35 28 4.3 65.8 1880 

7 . “ 190 28 13.6 208 1095 
Fuel Type B 20} 44 3.5 26.81 2680 
4 . - 60 44 44 67.3 1120 
120,000 1000 128 1459§ 12 


Fuel Type C 
20,000 1000 28 428 21 


Fuel Type D 


* Annual, unless otherwise stated j Average for each year 


+ Every other year Based on $11,400/day processing 


Fuel Type A—Plate assemblies of approximately 90% enrichment U as an Al 
alloy, Al clad; processing composition is 7.5% U, 92.5% Al; assumed burnup is 20% 
of the U-235, 

Fuel Type B—Plate assemblies of approximately 90% enrichment U as a Zr alloy, 
Zircaloy-2 clad; processing composition is 1.5% U, 98.5% Zircaloy-2; assumed 
burnup is 25% of the U-235 

Fuel Type C—Slugs and plate assemblies of normal U, Al clad; processing com- 
position is 95% U, 5% Al; assumed irradiation is 800 MWD/T. 

Fuel Type D—Rod shaped elements of normal or depleted U, Zr and SS. clad; 


processing composition varies but is mostly U or UO, 





AEC Radiochemical Processing Charges 


Batch® Processing Plant Annual Unit 
Size Rate Time Charge Charge 
Reactor (Kg U) (Kg U/day) (Days) ($000) ($%/Kg U) 
Commonwealth Edison 
Consumer P.P.D., Nebraska 
Consolidated Edison 


14,500 1000 22.5 344 24 
24,400 1000 32.4 496 20 
8,140-Th 1000-Th 16.1 246 30-Th 
24-U 1240-U 
PRDC 
Core 5,47! 150 44.5 681 124 
Blanket 32,: 1000 40.3 617 19 
Elk River 
Core 44 3.3 50.5 200 
Blanket ( 1000 13.8 42.8} 31 
Wolverine 88 3.3 10.1] 2500 
Yankee Atomic Electric 22,000 1000 30.0 459 21 


* Annual, unless otherwise stated t Every filth year t Average for each year 





These charges are for processing delivered fuel elements to decontaminated 
nitrates, and are based on AEC estimates of various reactors. In practice batch sizes 
will be determined as outlined in AEC statement of March 12. These are order of 
magnitude estimates of irradiated fuel processing charges to illustrate pricing policy 
They do not constitute a commitment on part of the government 


Fuel Characteristics Assumed: 


Comm, Ed.—UO, pellets in Zircaloy-2 tubular assemblies; U of 1.5% enrichment; 
processing composition is 76% UO,, 24% Zircaloy-2; assumed burnup is about 60% 
of the U-235 

CPPD—Slug assemblies of uranium of 2.3% enrichment, §.S. clad; processing com- 
position is 91% U, 9% S.S.; NAK bond; assumed burnup is about 16% of the U-235 

Con, Ed,—Alternate U and Th plates in assembly; the U is of about 90% enrich- 
ment as a Zr alloy and is clad with Zircaloy-2 as is the Th; processing composition 
is 53% Zr, 3% U, 44% Th; assumed burnup is 57% of the U-235 and 49% of the 
U-233. 

PRDC 

Core—Pin assemblies of U of 27% enrichment as a Mo alloy, Zr clad; processing 
composition is 72% U, 8% Mo, 3% Zr, 17% S.S.; assumed burnup is about 4% of 
the U-235. 

Blanket—Rod assemblies of depleted U, S.S. clad; processing composition is 80% 
U, 20% S.S.; Na bond; assumed irradiation is to about 4000 g/t Pu. 

RCPA 

Core—Plate assemblies of U of about 90% enrichment as a Zr alloy, Zr clad; 
processing composition is 3% U, 97% Zr; assumed burnup is 40% of the U-235. 

Blanket—-Plate assemblies of normal U as a Zr-Nb alloy, Zr clad; processing com- 
position is 65% U, 34% Zr, 1% Nb; assumed irradiation is to about 4000 g/t Pu. 

Wolverine—UO,SO, solution; U of about 90% enrichment; assumed burnup to 
48% U-235., 

Yankee—UO), pellets in 8.8. tubular assemblies; U of 2.5% enrichment; processing 
composition is 85% UO,, 15% §S.S.; assumed irradiation is 6400 MWD/T. 
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Report from Puerto Rico: 





AEC Spanish-language Training Center to be Focus 
For All Latin America; Power Reactor Contemplated 


SAN JUAN 


It is perhaps singularly appropriate that Puerto Rico should be striv- 
ing to become Latin America’s capital of education and training in 


nuclear science. 


For this lush, scenic island—once known primarily as 


a depressed land of a one-crop economy, overpopulation and unem- 


ployment, and more recently asso- 
ciated with Operation Bootstrap, es- 
tablishment of 405 new factories in 
12 years, and a diversified, dynamic 
economy—is also that rarest of 
things: a harmonious blending of 
United States and Old World ways 
of life. The new Commonwealth is 
the subject of one of the most attrac- 
tive and promising projects in the 
U. S. Atoms-for-Peace program, by 
the terms of which atomic energy 
would be a means simultaneously of 
serving directly the expanding needs 
of Puerto Rico; indirectly, the other 
nations of Latin America; and in the 
process serving as a world showcase 
demonstrating the benefits of atomic 
development — through fune- 
tioning of the democratic process. 
rhe project proper pertains prin- 
cipally to the ns to establish Poth 
reactor engineering and isotope-han- 
dling courses at the University of 
Puerto Rico. But a second front, so 
to speak, has been opened up with 
the decision of the island’s power 
utility to work with AEC toward 
construction at once of a 15-20 Mw 
power reactor for its grid that would 
be completed in 1960. Both pro- 
grams upon authorization by Con- 
gress would be administered by 
\EC’s Oak Ridge Operations Office. 


|—Education 

AEC is venturing into a new field 

nuclear training in a foreign lan- 
guage—with its project to set up a 
Nuclear Center at the University of 
This is eventually to 
identifiable AEC facility, 
which the University will operate 
for AEC on a reimbursable contract, 
just as, for example, the University 
of Chicago operates Argonne for 
AKC lhe Commission has already 
iwarded a grant of $216,950 to the 
University of Puerto Rico for acqui- 
sition of laboratory equipment to 
support establishment of its nuclear 
science and engineering curricula 
(NU, April "57, 132) 

The 54-year-old University of 
Puerto Rico is a U. S. land-grant col- 
lege with high academic standards, 
accredited by mainland educational 
agencies, and with opportunities of 
scientific training equal to any in 
the Spanish-speaking world. In 
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Puerto Rico. 


be an 


struction is normally conducted in 
Spanish, although students are bi- 
lingual. UPR has a full-time faculty 
of 960 and 15,000 graduate and 
undergraduate students—of whom 
some 10,000 are at the main campus 
at Rio Piedras, a suburb of San 
Juan, and 2,400 at the campus at 
Mayagiiez where the engineering 
andl cated schools are located. 
The Nuclear Center will initially 
embrace two programs, one at each 
of these two campuses. 


Isotopes 


At Rio Piedras will be located the 
Radioisoto Techniques Training 
Center, which actually already held 
its first course last month. This was 
a pilot two-week offering of the 
isotopes course, given to a group of 
some twelve faculty members from 
the University’s School of Medicine, 
the Agricultural Experiment Station, 
the Colleges of Natural Science and 
of Engineering—not for the purpose 
of instruction as much as to give the 
“students” a broad view of what 
the Isotope Center plans to do, and 
to permit them to report back to 
their various divisions on what is 
being done. Regular courses in the 
future will be of four weeks’ dura- 
tion, patterned atfer the isotope 
techniques courses at the Oak Ridge 
Institute of Nuclear Studies (UPR 
is one of the 35 sponsoring univer- 
sities of ORINS). Two leading 
ORINS scientists were at Rio Piedras 
to conduct last month's pilot course: 
Lawrence K. Akers covered physics 
the first week, and Ralph T. Over- 
man chemistry the second. Under 
the supervision of Amador Cobas, 
director of the Isotope Center, a 
counting room with scalers and a 
sample preparation room have al- 
ready been fitted out, and a radio- 
chemistry lab is now being installed. 

Sometime in June Prof. Cobas 
hopes to offer the first regular four- 
week course. This will be limited to 
twelve Puerto Rican students while 
the Isotope Center is getting its feet 
on the ground. In August or Sep- 
tember when the second course is 
slated to be given, 24 students—full 
capacity of the physical plant—will 
be admitted, and plans are that 


about half will be Latin American 
students from outside Puerto Rico. 

Eventually Rio Piedras plans also 
to provide training in other fields of 
nuclear science besides isotopes: 
nuclear physics, reactor physics, and 
applications of reactors to agricul- 
ture, medicine and industry. Reac- 
tor design and nuclear engineering, 
however, are the domain of the en- 
gineering school at Mayagiiez. 

A research reactor, probably a 
pool-type, is part of the plan for 
development of the nuclear training 
center at Rio Piedras. The spacious, 
palm-tree-dotted campus and nearby 
Experiment Station on although 
only three miles from downtown 
San Juan, still have good-sized 
tracts of unoccupied land. AEC 
has said that if it gets the Congres- 
sional green light, it will start con- 
struction of the research reactor 
here next year, together with a re- 
search and _ training a “to 
serve as a nucleus of a full-scale nu- 
clear center covering physics, chem- 
istry, biology, medicine, and agricul- 
ture.” Some basic research will be 
carried out to insure it being a 
strong training center. 


Nuclear Engineering 


The second main branch of this 
two-pronged program is located on 
another sylvan campus at Maya- 
giiez, the island's third city, 108 
road miles or half an hour's flight 
from San Juan. Here, where a 
$1.2-million engineering laboratory 
now under construction represents 
only a small part of the expansion of 
the University’s facilities, 300 en- 
gineers a year will be graduating the 
five-year course by 1960, as com- 
pared with 110 at — Here 
ee one are underway for the 
irst class of 24 students who this 
summer will begin the one-year, 
senior-graduate level, nuclear engi- 
neering course. In time, Mayagiiez 
hopes to have its own training re- 
actor on its campus. 


Planning 


A symposium, tenth of a series of 
Oak Ridge regional symposia, was 
held at Rio Piedras and Mayagtiez 
in January, at which mainland and 
island scientists and officials explored 
the possibilities and potentials of the 
Puerto Rican Nuclear Center (NU, 
Nov. 56, R12; Feb. °57, R12). 
But UPR had already been working 
for a year preparing its plans for 
submission to AEC, Jaime Benitez, 
Chancellor of the University, told 
NUCLEONICS. . 

“The basic purpose,” he says, “is 
to provide an institutional location 
for a program which will permit stu 


23 





dents from Puerto Rico and else 
where to come together at thi 
frontier of knowledge and frontier 
of cultures. The new scientific 
vistas which nuclear energy provides 
may afford a vantage point from 
whence to look at the basic sciences 
and to explore new possibilities, and 
perhaps achieve new knowledge and 
integration.” 

Although Puerto Rico is a U. S 
Commonwealth and UPR a U. § 
college, the island is culturally 
linguistically and geographically 
Latin American, and thus provides 
a unique focus for an educational 
facility for the U. S. hemisphere 
neighbors. Furthermore, Puerto 
Rico is a good testing ground for 
nuclear power applications as it has 
no fossil fuel resources and furthers 
hydro development potential — is 
about exhausted. Its industrializa 
tion program imposes constantly-in 
creasing ower require ments for 
which nuclear energy may ultimately 
provide a substantial share. Indus 
trialization also implies the possi 
bility of many immediate applica 
tions of radioisotope techniques in 
industrial processes. Active pro 
grams of agricultural and health im 
provement offer a framework in 
which such applications can be 
developed as quickly here as any 
where in the world. 

To U. S. foreign policy aims, a 
Puerto Rican Nuclear Center offers 
opportunities both to aid the twenty 
Latin American republics by training 
their nuclear scientists, engineers 
and technicians, as well as to im 
prove still further the position of 
Puerto Rico as the display window 
of economic and social progress 

To AEC, it would offer an oppor 
tunity to provide experience for 
AEC personnel in handling the types 
of problems that they will encounter 
in other international programs 


\l—Power 


While the academic world in 
Puerto Rico prepares its Nuclear 
Center, the Puerto Rico Water Re 
sources Authority is losing no time 
making arrangements to bring nu 
clear power into its system 

WRA, which now supplies vil 
tually all the power for Puerto Rico 
began in 1908 when its earliest 
predecessor to provide an irrigation 
system for the drier south coast 
Today it produces more than 99% 
of the electric power consumed in 
the Commonwealth, distributes it 
over a_ centrally-controlled, 5,530 
mi grid to 300,000 customers 
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With its 20 hydro plants having a 
nameplate rating of 109 Mw and 
four steam plants with 202 Mw, 
WRA generated a total of 1.14-bil 
lion kwh in fiscal '56. The Au- 
thority, administered and staffed 
almost entirely by Puerto Ricans, 
appears as modern, progressive and 
efficient as any mainland utility, 
and its proud boast is that industria] 
development and Operation Boot- 
strap oa not been held back for 
lack of power—indeed, that on the 
contrary power availability has been 
a contributing factor to the success 
of the development program. As a 
matter of fact, WRA is one of 
world’s fastest-growing electric util 
ities: 18-20% growth per year. 


Rio Piedras 


SAN JUAN 


Mayagiez 


Informal exploratory discussions 
held to date between WRA and 
AEC regarding plans for a demon 
stration and training power reactor 
have been described by both sides 
as highly promising, and a formal 
meeting is to be held this month in 
Washington. Prior to that meeting 
details of the arrangements are not 
fixed, but the general plans can be 
described 


Present Scheme 

These contemplate that AEC 
would contract with WRA for con 
struction and operation of a 15- 
20-Mw power reactor which WRA 
would synchronize with its own sys- 
tem. For AEC, the reactor would 
be an adjunct, though not an in 
tegral part, of the academic program 
in nuclear science; it would be a 
demonstration of a power reactor in 
normal operation as part of a regular 
generating system outside the U. S 
and in addition it could be used to 
train operators. For WRA, there 
are the same favoring considerations 
as those that confront mainland 
utilities: since both fuel availability 
and economics dictate wide use of 
nuclear power some time in the 
future, the sooner its techniques are 
learned the better. Puerto Rico is 
a fairly high fuel cost area where 
the economics will look attractive 
much sooner. But over and above 
these arguments there are obvious 
blandishments in nuclear fuel’s high 
concentration of energy per volume 
to an island dependent for most of 
its power (especially in the dry 


season) on oil shipped in from 
Venezuela—a supply that could be 
cut off in a day by a mere transport 
strike, let alone a big catastrophe. 

Total cost of the project, includ- 
ing some development work, land, 
expert advice, interest, etc., has had 
a $10-million ceiling placed on it, 
and there is before Congress for ap- 
proval at the present session a bud- 
get item covering a $9-million con 
tribution by AEC. The remaining 
$1-million would be put up by 
WRA. For a country where capital 
is as scarce as it is in Puerto Rico, 
$1-million is a quite sizeable amount, 
WRA Director S. L. Descartes 
pointed out to Nucieonics, but 
WRA feels it justified in view of the 
knowledge to be gained. WRA 
would have an option eventually to 
acquire the reactor. 


Natural Containment 


The reactor would be located ad- 
jacent to the existing Mayagiiez 
steam plant, which is wedged on a 
narrow shelf of land between a line 
of rock hills and the Bay of Maya- 
giiez, at the north end of the city. 
The proposal is to take advantage 
of this site to test the Norwegian- 
Swedish practice of containing reac- 
tors underground, by burying the re- 
actor into the hillside facing the bay. 
Whether this is actually done will 
depend on the cost of excavating as 
against the cost of more usual con- 
tainment. 

No reactor type is given prefer- 
ence yet. WRA has already asked 
Walter Zinn and his General Nu- 
clear Engineering Co. to take a 
preliminary look at the problem, 
but there has not yet been time for 
an analysis of the economics of 
various reactor types in the Puerto 
Rican framework. Moreover, AEC 
counsels giving free rein to industry 
in the bid invitations to propose 
plants that the bidding firms have 
faith in and are willing to back, 
rather than laying down too narrow 
specifications. 

The schedule—provided AEC and 
WRA agree on a contract, and Con 
gress votes the funds—calls for in- 
vitation of bids Oct. 1, 1957, due 
April 1, 1958; two months to eval- 
uate the bids, one month for con- 
tract negotiations with the winning 
firm, and signing of a contract set 
for June 30, 1958. Thirty months 
are then allowed for design and 
construction, and plant completion 
is set for Dec. 30, 1960. 

“This is a very tight schedule,” 
comments Descartes, “but we're go- 
ing to break our necks trying to meet 
it. For us this is an adventure in 
the acquisition of a new technique.” 
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Need for A-Power Due 
In Brazil in '75, Study Says 


[he economic significance of nu- 
lear power to Brazil will be great- 
t in about two decades, according 

study on nuclear power and 
omic development in that coun- 
just completed by the National 
Planning Association. Second of a 
eries of country-studies on the pro- 
luctive uses of atomic energy 
Japan last June was the first; Israel, 
India, Italy, Pakistan, Puerto Rico 
ire expected to be published 
shortly), this report was done in 
| by Stefan H. Robock. 


Hydro Can Fill Bill 


The study points out that Brazil 
is a large undeveloped hydro po- 
tential that can be the major source 
satisfying energy needs for the 
Many advan- 
tageous sites still exist, and the 
ompetitive threshold established for 
the next decade by hydro projects 
vould be a generation and trans- 
nission cost of 12 mills/kwh at 50% 
factor, implying 
apital $300 kw. 
With foreign exchange requirements 
najor factor in Brazil, this means 
that, except on the seaboard, fossil 
fuel plants cannot compete with 
hydro. Nuclear plants, the report 
says, will in 1965 meet the power 
osts for thermal plants on the sea- 
board—11 mills/kwh at 80% plant 
factor for a large central station 
plant. In the short run, nuclear 
fuels will have to be imported into 
Brazil and will be a drain on foreign 
xchange resources To be ulti- 
nately self-sufficient in nuclear fuel, 
Brazil will need uranium as well as 
thorium minerals and a breeder pro- 
ram or other method of obtaining 
fissionable material, together with 
fuel element fabricating and reproc 
sing facilities 


ext decade or two 


plant utilization 
investment of 


till A-Power Comes In 


From 1965 to 1975, nuclear power 
prospects should improve steadily, 
the report savs, because of increas- 
ing costs for new hydro projects and 
technological nuclear 
po Vel By 
the principal means of ex- 
panding power capacity in Brazil. 
from existing energy re- 

rces, the report concludes, Brazil 
loes not have an urgent need for 
uclear power, and could postpone 
for a few vears commitment of large 
resources in a nuclear energy pro 
‘ram, meanwhile accelerating min 


progress in 
1975, reactors mav be- 


come 


| idging 


erals ¢ ‘ploration and processing and 


technical training 
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Nuclear flight, Soviet conception 


Drawing of ‘‘first nuclear-powered aircraft'’ from a Russian magazine. 
aircraft construction team is working on design. 


The Tupolev 
Tupolev favors a propulsion 


reactor heating up charged air sufficiently to create thrust, rather than using reactor 


heat to drive a steam turbine. 


Difficulties so far are said to lie in required high 


temperature for the air passages: 1,650—1,850° F, in turn requiring use of special 
steels and alloys that are too heavy and have unfavorable neutron cross-sections 
However it's pointed out a nuclear plane would fly from Moscow to Viadivostok at 
500 mph on 70-75 gm fuel, whereas a Tu-104 (modern two-jet transport) would 


burn up 150,000 kg jet fuel on same trip. 


“Certain parts and elements of the 


projected nuclear aircraft have exceeded the stage of projecting and blueprinting, 
constructing and testing,’’ writes engineer Y. Sushkov in Komsomolskaya Pravda, 


the youth journal. 


use on the ground, and later for use as flying laboratories. 


“The next stage would be the building of test aircraft first for 


The first tests with 


nuclear-powered aircraft are reported to have taken place in the USSR during De 


cember 1955. 


These tests centered around the reactor radiation on the other 


building materials of the aircraft, and the problem of how to shield the radiation 


from the other parts of the craft." 


Whether Sushkov, a member of Tupolev de 


sign team, was oversimplifying subject for youthful readers, or whether the few 
technical details are based on actual Russian work, was not indicated 


Harwell: Nero in Service, Zephyr Altered 


A new low-energy research reac- 
tor at Harwell of the graphite-pile 
type, Nero can be Bae 0 a =e 
days; the pile can be varied in size 
up to a cylinder 14 ft dia x 10 ft 
high within its 2-ft concrete shield. 
The new experimental tool first went 
critical Feb. 23, is being used to in 
vestigate physics design problems 
associated with the more advanced 
types of graphite-moderated ca 
reactors. Fuel elements of different 
types may be arranged in numerous 
lattice patterns. Maximum thermal 
flux is 10*; heat output is < 100 
watts. First assignments: to check 
calculations on effect of separating 
fissionable content of fuel, and on a 


AEC Licensing News 


Notice of proposed issuance of 
construction permit: Glenn L. Martin 
Co., for a nuclear experiment facility 
at Middle River, Md., containing 
two independent critical experiment 
cells, to be completed in June or 
July, 4/24/57 

Export licenses issued: Foster 
Wheeler, for a 5-Mw tank-type re- 
search reactor to Danish AEC, 
Copenhagen, 4/4/57 

Loretz & Co., Los Angeles, for a 
500-watt Atomics International solu- 
tion-type research reactor to Danish 
AEC, Copenhagen, 4/4/57 


sodium graphite design study 
Zephyr, meanwhile, has under 
gone a transformation: Britain's first 
fast reactor, a zero-power assembly, 
is found to behave like a thermal re 
actor when graphite replaced ura 
nium in the outer reflector. This 
slows down the neutrons reflected 
back into the inner uranium reflec 
tor; moreover, the unit can then be 
controlled like a thermal reactor, by 
inserting cadmium rods into the 
graphite. Zephyr thus acts like a 
half-fast—or slow-fast—reactor on 
the order of Argonne’s ZPR-V (NU, 
Dec. ‘56, R7). A chain reaction 
was obtained with a Pu critical mass 
nearly same as that used formerly 


Applications received: U.S. Naval 
Hospital, Bethesda, Md., for AGN 
201 research serial 105 
3/27/57 

U. of Virginia, Charlottesville, to 
build and operate a 1-Mw pool type 
research reactor, 3/29/57 

Intercontinental Chemical Corp 
to export an Atomic International 
L-54 50-kw solution-type research 
reactor to Farbwerke Héchst, Frank 
furt, 4/1/57 

James Loudon & Co., Los Angeles, 
to export a 50-watt solution-tvpe 
Atomics International research re 
actor to West Berlin, 3/28/57 


reactor, 





Reactor News 

SRE GOES CRITICAL 

AEC’s Sodium Reactor Experiment went critical April 25 
on the 33rd fuel element, exactly as had been calculated 
in advance. It was run at 1 kw power for 10-15 min- 
utes, and has since been taken to criticality several times 
for varying periods. Calibration of instruments and a 
complete, detailed checkout of the core and the cooling 
systems—primary, secondary and auxiliary—are proceed- 
ing; electricity will not be generated for some months. 
SRE, built by Atomics International division of North 
American Aviation, is second of AEC’s five-year program 
reactors to make neutrons (NU, Dec. 56, Rl; March 57 


RS). 


APPR GOES ON LINE 


The Army Package Power Reactor, first complete press- 
urized water reactor plant for electri power, last month 
was taken up to full power, and then formally dedicated 
in the presence of AEC and Defense Department 
notables. Located on the bank of the lazy Potomac 
an hour's drive below Washington, in the Army Enginee1 
Corps’ Ft. Belvoir, Va., APPR-1 was begun Dec. 10, 
1954, went critical April 8 and first generated electricity 
April 13, Five months were lopped off the schedule 
Although the reactor was run at rated power—10 Mw 
heat, 2 Mw electric, much of the early testing was at 
2 Mw heat, 500 kw electric. During these tests, 
Nucweonics learned, the reactor exhibited a degree of 
stability under violent load changes that surprised even 
its builders: when a circuit-breaker connecting the gen- 
erator to the outside electrical system opened and load 
dropped instantaneously from 2,000 to 200 kw, the re- 
actor followed within a minute and with no overpressure 
or over-temperature The experiment was repeated 
deliberately, with the same result. Then load on the 
turbine was increased from 200 to 2,000 kw at a rate 
of 1,000 kw/min, and again the reactor followed 
smoothly. A 700-hr continuous-run test is. now under 
way. The over-all cost of $3.5-million is being shared 
equally by AEC and the Army; of this $2,426,134 went 
to Alco Products Inc. for design and construction; other 
items include $330,000 for architectural engineering, 
$350,000 for the first six months’ testing, and $120,000 
for fabrication of the first core Value of the fully- 
enriched uranium in it is placed at $382,000. Core life 
is 1% years, in which time 7% of 22% kg U™ is con 
sumed, for a 33% burnup rate. Operating cost figures 
were not disclosed: APPR’s builders said that develop- 
ment of such information was one of the reasons for 
building the plant, and that no estimates had been o1 
could be ot 

sembled, APPR’s fuselage-size components would make 
about 75-100 C-124 (Globemaster) loads, would take 
from six months to a vear to assemble in the field. The 
plant output is 2,035 kw gross, 1,855 net, with 180 kw 
used for plant auxiliaries. There are 38 UO, fuel rods 
of the flat-plate type, 27 in. long, and seven control rod 
assemblies having a fuel section and a boron carbide 
poison section. Primary water under 1,200 psi enters 
the core at 431° F, leaves at 450° F; a U-tube type 
steam generator with built-in superheater makes 190 
psia, 404° F steam. The turbine runs at 5,489 rpm; a 
4.574:1 reduction gear steps down generator speed to 
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e until it had run for some time. Disas 


1,200 rpm. Alco built the reactor vessel, core basket, 
steam generator and feedwater heater; Oak Ridge 
National Laboratory the fuel and control rods; General 
Electric the turbine and steam generator; Westinghouse 
the primary coolant pumps; Lummus the ce sat 
Minneapolis-Honeywell the instrumentation; Bethlehem 
Steel the vapor container; General Ionics the deminera- 
lizers. Stone & Webster were engineer-constructors. 
The reactor will be used for training as well as to obtain 
operating experience; in January the first class of 30-36 
officers and men from all three services will start six- 
month duty tours at the plant. 


BLEEDER HEATER TESTS PWR RELIEF VALVES 
Pictured is a high-pressure high-temperature bleeder 
heater, about to be shipped from the Massillon, Ohio, 
plant of eel el it was designed and fab- 
ricated. It was specially designed to be part of a high- 
pressure test loop to test PWR’s relief ang which are 


to operate at extremely high pressures. This heater is 


capable of operating at pressures and temperatures on 
the shell side higher than any yet specified for feed- 
water heaters: 2300 psi and 940° F. The test loop will 
be set up at the Twin Branch plant of Indiana & Michi- 
gan Generating Co., where steam and water at required 
conditions can be supplied for the tests. This heater and 
another of conventional design will serve as part of a 
continuing testing program, to test other pressurized 
water reactor equipment for the naval program 


3 NEW FUEL FABRICATING FACTORIES 

A $500,000, 32,000-ft® facility for making fuel elements 
has been started by General Electric at its Atomic Power 
Equipment Dept. in San Jose, Calif. An addition to the 
15,000-ft? fuel development facility completed last year, 
this building is to be completed in December; it will con- 
tain $1-million worth of specialized machinery and tools, 
and will be used initially to develop and make fuel ele- 
ments for Commonwealth Edison’s Dresden Station 
This is GE’s first large-scale entry into the commercial 
fuel-element manufacturing field. Two other firms 
are building plants for fuel element fabrication. Sylvania- 
Corning Nuclear Corp. (NU, Dec. ’56, R6) will build 
a 25,000-ft’ plant at Hicksville, L. I., adjacent to its 
present plant there, to produce fuel elements. It is to 
be completed by late summer. And D. E. Makepeace 
Co. of Attleboro, Mass., metal-working firm, is building 
a 53,000-ft* plant at Plainville near Attleboro primarily 
for working and treating uranium for fuel. It will pro- 
duce fuel fillers, clad fuel elements, and related reactor 
components 


REACTOR FOR NEPAL? 

A U. S. firm eight months ago offered to install a research 
reactor in Nepal, one of the world’s most isolated coun- 
tries. The government in Katmandu is “giving serious 
consideration to the offer,” according to the Indian press 
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World News 


A-Ship Progress in Britain. . 





Britain is planning a nuclear-powered tanker, to cost 
$30-million and take six years to complete at the Birk- 
enhead yards of Cammell Laird. The Admiralty is ex- 
pected to order a prototype. A Calder-type propulsion 
plant is considered unlikely, but Sir Christopher Hinton 
has suggested a D,O-moderated, gas-cooled unit; Har- 
well has also been studying an organic-moderated marine 
power unit... . The Admiralty has awarded English 
Electric Co. a contract for design and manufacture of 
main propulsion turbines and condensers for Britain's 
first A-sub, HMS Dreadnought (NU, April '57, 21) and 
for its land-based prototype. 


. and France 


Natural uranium is to fuel the reactor in France’s first 
A-sub, the 0-244, according to M. Baissas, assistant di 
rector of the Saclay nuclear center. The 5,000-ton craft, 
to be completed in four years, will serve as a training 
ship for crews of other French nuclear-powered vessels 





Germany Satisfied on Fuel Supply 


West Germany's nuclear fuel supply is assured for sev 
eral years at least, Atomics Minister Siegfried Balke de- 
clared on his return from a trip to the U. S., Canada 
ind Britain. Agreements are being prepared covering 
delivery of 1,500 kg U™ from the U. S. and 500 tons 
natural U metal or concentrate from Canada. Balke also 
called for modification of German reactor plans to pro 
vide for supply of process heat. 


New Industrial Groupings in Europe 





Girding for the coming industrial drive in nucleonics, 
new combines are being formed at an accelerating pace 
France's three biggest shipyards and the vast Schneider 
Creusot steel-and-heavy-machinery group have set up a 
firm called Propatome to coordinate efforts in marine pro 
pulsion. The Banco Urquijo of Madrid and twelve asso 
ciated Spanish industrial firms have established Tec 
natom to develop nuclear energy in Spain in all its 
industrial applications. The German subsidiary of the 
big Swiss firm Brown, Boveri has set up a company 
called Atomkraft (Atomic Power) to plan, build ms | sell 
Another new German firm is the 
Society for the Development of Atomic Power in Bavaria 
founded by the Bavarian state government, Farbwerke 
Héchst of Frankfurt, and four Bavarian electric utilities 


nuclear _ plants. 


Australia a Factor in U Production 





Australian production of uranium oxide will be 1,000 
long tons/yr when the Mary Kathleen mine begins oper 
itions, according to Minister for National Development 
W. H. Spooner in the first Australian estimate ever dis 
closed. This rate of production is said to mean that 
Australia would overtake the Belgian Congo as a U 
producer. Capital already invested in the U industry is 
officially estimated to total almost $70-million 


Heavy Water Made in Japan 





Showa Denko Kaisha, one of Japan's top chemical] ferti 
lizer makers, has started operation of a D,O pilot pro 
duction plant, built at a cost of 117-million yen ($325 
000), 81-million of which was met through a government 
The factory is being enlarged; on completion 
in June it will produce 7-8 tons D,O/y1 


subsidy 
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More Details on RWE Plant 


The first firm order for a West German nuclear power 
plant has been placed by Rheinisch-Westfiilisches Elek- 
trizitiitswerk of Essen with the international combine of 
AMF Atomics of New York and Mitchell Engineering 
Ltd. of London, according to advices to NucLEeonics 
from Germany (NU, March '57, R7). Total cost of the 
15-Mw plant will be DM 30-million ($7-million), of 
which $5.3-million is for nuclear work. Of the latter fig- 
ure, three-fifths will be earned in dollars by Mitchell for 
construction of the reactor vessel, heat exchangers and 
other nuclear equipment; AMF, responsible for system 
design, will nls. = the core, core control gear and instru- 
mentation. Siemens-Schuckert of Erlangen is expected 
to provide the turbo-generator, alternators and switch- 
gear. The reactor will be a closed-cycle boiling water 
type (not a pressurized water, as first reported), provid- 
ing saturated steara at 900 psi, 530° F in the primary; 
600 psi, 498° F in the secondary. Essentially it is a 
copy of the Elk River reactor design but without super 
heater, so it will have the same thermal output, 58 Mw, 
but only 15 instead of 22 Mw electrical. Moderator 
coolant will be natural water. The plant is expected to 
start operation in the second half of 1959, producing 
electricity at 23 mills/kwh. Site has not yet been deter 
mined, may be underground. Seven other firms bid on 
the job, six of them U. S. companies, the seventh a 
German firm with American connections. 


Offer to Denmark 


The AMF Atomics—Mitchell combine has also made an 
offer to the Danish government, Nuc.eonics learns from 
Copenhagen, to build a 20-Mw nuclear power station 
in 36 months for $5.75-million. Price of power in the 
offer is reported to have been 10 mills 








India Seeks Critical Facility 


The Government of India plans to set up a zero energy 
reactor at Trombay for studies in lattice spacing, fuel 
elements and reactor design. It is to cost $420,000, ex 
clusive of heavy water (to be imported from the U. S.) 
and natural uranium; $1-million a“ been allocated for 
the entire project in the interim budget now before Par 
liament. Another $500,000 is budgeted for production 
of reactor-grade graphite, a zirconium plant and low 
grade U ore beneficigtion plants. The Atomic Energy 
Department intends to step up capacity of the rare earth 
plant in Kerala State from 1,500 to 3,000 tons monazite 
yr, to nationalize the mineral sands separation industry 
there, and to set up another Th-U plant and a uranium 
metal processing plant at Trombay 





British Optimistic on Insurance 





Third-party liability insurance on nuclear power stations 
will be readily available to “very substantial limits,” a« 

cording to an official of Alliance Insurance Co., London 
who commented that the number of nuclear accidents 
are very few and that reactor operations have shown an 
accident ratio much lower than that expected in industry 
is a whole. However he said it was expected that fire 
insurers would not issue cover for damage to reactors by 
explosion or by self-generated heat. 


Baghdad Training Center Opened 


A joint nuclear training center set up with British help 
for the Baghdad Pact countries (Iraq, Turkey, Iran and 
Pakistan) was officially opened in Baghdad by Iraqi 
Prime Minister Nuri As-Said. It has a library and 
laboratories, will have a research reactor, and gives six 
week courses to trainees from the four countries. It is 
headed by a British director. 
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News in Brief 


New Faces at the Top 

Col. James B. Lampert, head of Army Reactors Branch 
at AEC under whose supervision APPR-1 was success- 
fully completed (see p. 26), will take up a new assign- 
ment at the Nationnl War College in late july or early 
August. His succes:or at AEC will be Col. Donald G. 
Williams, formerly on the staff of AEC’s Military Liaison 
Committee . Alired Iddles, who as president of 
Babcock & Wilcox since 1948 led the firm to a leading 
position in nuclear power, retired and was replaced by 
Morris Nielsen, executive vice president ... Carroll 
V. Roseberry, first manager of commercial atomic power 
activities at Westinghouse, has been elected vice presi- 
dent and made manager of the firm’s midwest region. 
New manager of CAPD-~it has been renamed a depart- 
ment—is Robert L. Wells from Westinghouse’s aviation 
gas turbine division at Kansas City 


Texas Utilities Organize Study 

Eleven light and power companies in Texas have 
organized the Texas Atomic Energy Research Founda- 
tion. Its program will be directed toward the funda- 
mental methods involved rather than to early use of 
nuclear power, said its head; “the program of the 
foundation is long-range, since the natural gas now used 
in the Southwest will be competitive with nuclear energy 
for many years.” 


Irradiated Coal: Diesel Oil Additive 

The Denver & Rio Grande Western R.R., one of the 
few groups working seriously on atomic locomotive re- 
search, has been successful with another application of 
nuclear energy. It is using irradiated coal as an energy 
booster in Diesel engines. Low-cost Colorado coal is 
crushed to 200-mesh, sent to Brookhaven for exposure 
to spent fuel elements; under the gamma radiation the 
already-fine grains of coal are split into micron-size 
particles, making a coal dust that floats in air like smoke. 
Tests show that 5% of such coal added to each gallon 
of diesel oil increases its energy content. So far the 
tests were on a small 5-hp engine; full-scale tests on 
locomotives are now being scheduled 


Tracerlab Opens Big Plant 

Consolidating eastern operations spread in seven plants, 
Tracerlab dedicated its $1.9-million building at Wal- 
tham, Mass., outside Boston. Housed in the two-story, 
164,000-ft’ plant are 15 major radiochemical and phy- 
sics labs, manufacturing facilities for nuclear and X-ray 
es oy engineering and research ge ae and 


sales and administration offices. Tracerlab also has a 


modern plant at Richmond, Calif., and a lab in Houston. 


Industrial Briefs 

Hughes Aircraft Co. of Culver City, Calif., has set up 
a new department of nuclear electronics, to study effects 
of radiation on electronic equipment NRC Metals 
Corp., the National Research Corp. subsidiary in which 
Columbia Southern Chemical Corp. bought a half in- 
terest (NU, April 57, 28), has been renamed Columbia- 
National Corp. Horizons Inc. of Cleveland has 
gotten a contract from Argonne National Laboratory to 


develop a vessel impervious to molten fused salts, in 
connection with ANL’s fused-salt work in developing a 
fluoride volatility process for reprocessing spent fuel. 
.. + AEC has given a one-year contract to Rama 
Uranium Corp. of New York, to buy at $8/Ib U,O, in 
uranium concentrates produced in the firm’s pilot plant 
at Warwick, N. Y., up to a maximum of 50,000 Ib. The 
plant will process U-bearing ores of the Warwick area. 
Eitel-McCullough, San Bruno, Calif., maker of 
transmitting tubes, has entered the nucleonics field with 
receipt of an $860,000 AEC contract for research and 
desta on an undisclosed project. Eimac ex- 
pects the two-year job to lead to a production contract. 
Wah Chang Corp., zirconium producers, are 
perfecting a new process to separate tantalum from 
niobium by a procedure simpler than the present liquid- 
liquid method. Westinghouse has installed two new 
test loops to further its attack on the corrosion problem. 
They can operate at up to 2,000 psi and 600° F, can 
each accommodate up to 210 specimens at a time. 
W. R. Grace & Co. is starting work on a raw materials 
production plant at Erwin, Tenn., for uranium, thorium, 
and rare earth metals and alloys, says it will be the first 
such plant entirely privately-financed and -operated. 
Solvent extraction, reduction, melting and casting will be 
carried out. 


Americans Participating in Japanese Meeting 

rhirty or more Americans from industry, government, 
education and research will be speakers at the con- 
ference on peaceful uses of atomic energy sponsored 
jointly by the Atomic Industrial Forums of the U. S. and 
Japan. Sessions will be held in Tokyo May 13-16, 
and separate meetings May 17 in Osaka and Nagoya. 
Twelve or more of the biggest U. S. manufacturers of 
reactors and equipment will exhibit at shows in Tokyo 
May 12-19 and Osaka May 24-31. Representatives of 
other Far Eastern countries are re i 


Dates Set for 1958 Nuclear Congress 

The third Nuclear Science and Engineering Congress 
will be in Chicago March 16-21, 1958. The National 
Industrial Conference Board will again synchronize with 
its Atomic Energy in Industry meeting, set for March 
17-19 in Chicago. 


Babcock & Wilcox Reports Loss Year 

Atomic energy business in 1956 cost Babcock & Wilcox 
a $2.4-million loss, its annual meeting was told. Retir- 
ing president Alfred Iddles declared, however, that the 
loss was justified by expectation of future profits. But 
it is impossible to predict when the profits will begin 
he said 


Southern Regional Unit Organizes 

The South’s new 23-man Regional Advisory Council on 
Nuclear Energy, set up by the Southern Governors’ 
Conference (NU, Sept. '56, R8), has named G. O. 
Robinson, assistant to the manager of AEC’s Savannah 
River Operations Office, as executive secretary. Robert 
M. Cooper of Columbia, S. C., director of State Develop- 
ment Board there, is first chairman, and Dallas attorney 
Frank Norton vice-chairman. In a_precedent-setting 
move, the 16-state body decided to contact all utilities, 
both private and public, in the area as well as others 
known to be interested in nuclear power development, 
to offer help in removing any restrictions on the state 
level that might impede its development. 
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RCL Fast-Slow Neutron Survey Meter 


Greater Gamma Discrimination, Transistorized and Etched Circuitry 


actually years ahead of its time. 


Greater gamma discrimination capabil- 
ties, lighter weight, printed circuitry 
throughout, log scale, reduced power re- 
juirements are only a few of the features 
that make the RCL the neutron survey 


eter ol tomorrow. 


Greater Gamma Discrimination: You 
receive one hundred times the gamma 
liscrimination ability with the RCL Fast- 
Slow. The RCL discriminates against 
gamma radiation up to 100 r/hr; others 
cannot discriminate above 1 r/hr. 


Completely Transistorized: Oscillator H. 
ipply, completely transistorized, is 
ghter, more efficient than a vibrator, 


needs less current. Reduced power con 
sumption, plus the mercury cell power 
supply affords much longer battery life. 
Needs no warm-up time 


Lighter Weight: Easier to handle. New 
RCL model is transistorized, smaller 
gross size and weight, uses less power. 
Weighs less than ten pounds 


Logarithmic Rate Meter: Log read out 


allows you to read the entire range of the 
instrument on a single scale 


SPECIFICATIONS: 
Slow Neutron Detector: Enriched BF, 


detector counts neutrons below 0.1 MEV 


Fast Neutron Detector: Methane-Argon 
filled, polyethelene lined detector count 
neutrons with energies between 0.1 and 
15 MEV, 

Power, High Voltage Supply: Two 22', 
volt, 1000 ma-hr Mallory mercury cell 
and one 1's volt Mallory mercury cell, 
transistorized oscillator circuit developing 
1500 volts 


Count Rate Meter Circuit: Transistorized 
three stage amplifier and trigger pair, 
followed by tank circuit and log scale 
electrometer tube 





Radiation 


Counter 


Laboratories, Inc. 


NUCLEONIC PARK, SKOKIE, ILLINOIS 
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Radiation Counter Laboratories, Inc., Dept. 157 
Nucleonic Park, Skokie, Illinois 


Gentiemen: Please send me additional specifications, price quotations, 
and delivery information on RCL's Fast-Slow Neutron Survey Meter 


Name 


Firm 
Address 
City 
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If you're an engineer whose 


future is being held up... 


TAKE A LOOK AT THE FUTURE 
vYOU CAN ENJOY RIGHT NOW 
AS A DOUGLAS ENGINEER! 


It’s important that you use your full talents now... 

if you are to expand in your job. This requires 
assignments of the scope you will find at Douglas... 
assignments that allow you to accomplish more 

and gain rich rewards. Many opportunities exist 

for career-minded engineers in modern Douglas plants 
and testing facilities across the nation. For example... 
THERMODYNAMICISTS ARE NEEDED Now! 
Mechanical Engineers work on all phases of analysis, 
design and installation of equipment involved in heating, 
cooling and air distribution at high speeds. 


For important career opportunities in your field, 
write: 


c. C. LaVENE 
DOUGLAS AIRCRAFT COMPANY, BOX L-620 
SANTA MONICA, CALIFORNIA f 


/ 
Yeates, WAM ‘ 
C MIUGLAS~»~— 
, evi: 


{ i> 


FIRST iN AVIATION 





ew 
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World's FIRST testing reactor~-the Atomic Energy Commission's materiais testing 
reactor at idaho Falis, idaho. Blaw-Knox served as architect-engineer. Neutron 
“chopper” tube is on main floor, left; control room is at end of bridge, upper right. 


Blaw-Knox engineers two firsts 


in Atomic Testin cto 
t Testing R t 
In 1 ea Ors 
The need for testing reactors is so great that the Atomic Energy 
(‘ommission has announced a new testing reactor policy, which en- 
courages the building of testing reactors by private industry. As AEC 
states: “. . . a large part of its (the Commission’s) requirements for 
test reactor facilities can be met with privately-owned reactors based 
on proved designs and technology.” 
Blaw-Knox has played a prominent role in developing this tech- 
nology. Our experience includes serving as architect and engineers on: 
the world’s first materials testing reactor for the AEC 
the world’s first testing reactor for commercial use 








With this background we are well prepared to serve you in 


* scoping the project * procurement and fabrication of parts 
* preparing feasibility reports * construction of the facility 
* summarizing hazards reports ® initial operation 


* detailing engineerin * training of operators 3 : 
. 9 9 9g 9 P Sectional view of privately-owned 


We welcome the opportunity to work with you on any proposed testing reactor, engineered by Biaw 
project in this active field of nucleonics. Knox, shows general assembly 
control rods and pressure vessel 








BLAW-KNOX COMPANY 
>. Chemical Plants Division + Pittsburgh 22, Pa. « Chicago 1, Iil. 
Birmingham + New York + Philadelphia + San Francisco + Washington, D.C. 


Designers, engineers and builders of plants for the process industries: chemicals * petroleum * 
petrochemicals * resins and plastics * nuclear energy * fate and oils ¢ fertilizers * synthetic fuels 
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ameray’s 


COMPLETE LINE OF 


SHIELDING 


OFFERS YOU ABSOLUTE 
RADIATION PROTECTION 


Now, from Ameray, a complete line of radiation 
protection products and services to fill both your 
standard and custom requirements. Everything in 
radiation shielding, from protective windows of zinc 
bromide-to fume hoods-to high density bricks-to 
complete reactor shielding can be obtained from 
Ameray in a minimum of time and with maximum 
economy . . because Ameray’s long experience in 
the design, development, and installation of nuclear 
products eliminates costly fabrications and insures 
the right design for your specific requirements. 

Fifty years of combined experience of America’s 
engineering-production team can fill any of your 
industrial or medical shielding requirements easily 
and quickly. Contact Ameray; your requirements will 
be translated into protective shielding suited to 


your specifications 


MEDICAL REACTOR 
OR HOT CELL DOORS 


Ameray’s steel framed lead 
doors with complete electrical 
systems and appropriate 
hardware will be designed 
and fabricated to your 
specifications. The unit pictured 
is a seven inch lead door 
weighing 18,000 Ibs. 


PE 


SEND FOR YOUR COPY OF AMERAY'’S NEW CATALOGUE 
#55 ON DEPENDABLE ''SAFETY-ENGINEERED' NUCLEAR 
SHIELDING PRODUCTS. X-RAY PROTECTION? ASK 

FOR CATALOGUE #22 


ameray 


CORPORAT iI 
NUCLEAR orveien 


ROUTE #46, KENVIL, NEW JERSEY 
FOXCROFT 6.4100 NEW YORK PHONE: BOWLING GREEN 8-O412 





LEAD GLASS 
WINDOWS 


Ameray’s lead glass 
windows are custom- 
designed for every 
application and can 
be produced in any 
size or configuration 

. with either Ameray 
3.2 density lead glass 
or Ameray 6.2 density 
lead glass. 


LEAD-LINED 
FUME HOODS 


As a substantial aid 
to safe handling of 
all types of radioactive 
substances, the Ameray 
lead-lined fume hood 
is constructed with a 
sturdy steel frame 

and stainless steel in- 
terior and exterior 
facings. 


PROTECTIVE LEAD 
BRICKS AND BLOCKS 


If you require lead 
bricks for constructing 
portable barriers or 
high density blocks for 
shielding enclosures, 
Ameray can supply 
you with the proper 
sizes, shapes and 
densities in materials 
to your specifications. 





PORTABLE 


LEAD CONTAINERS 
The shipping or 
storing of gamma ray 
emitters, including 
spent fuel elements, is 
efficiently accommo- 
dated with Ameray’s 
lead lined, steel con- 
tainers fabricated 

to your requirements 
Water cooled where 
required. 
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ZINC BROMIDE 

AND WATER-FILLED 
WINDOWS 

Zine bromide windows, 
by Ameray, offer 
excellent optical prop- 
erties and superior 
protective qualities. 
Their flexibility of 
design enable zinc 
bromide windows to 
be manufactured to 
meet any vision and 
shielding requirements. 
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Stainless steel reactor vessel was built by ALCO, along with many components, 
for APPR (inset cutoway). ALCO also served as prime contractor on plant 


PROVED NUCLEAR COMPONENTS FROM ALCO 


ALCO components for nuclear reactors are result of long thermal and 
nuclear experience; proved in operation of various atomic projects 


ALCO has built heat exchangers for the EBR, SIW, S2W, PWR and SRE 
tel vell as most components, including control-rod drives and piping, 
\PPR-1. ALCO components were also installed in the first two Han- 
( tors 

ALCO’s extensive experience is one explanation for the success of its com- 
these programs. For many years it has been a leading supplies 

é ent to the power and process industries 
ALCO’s continuing research is another explanation. To keep ahead, ALCO 
rat ts own criticality facility —the first privately owned installation 
ntry —and complete welding, heat-transfer and mechanical labora- 
electronic computing center is maintained at ALCO to provide fast, 


vers ALCO PRODUCTS, INC. 


ALCO can help you in your nuclear project, Consult your ALCO sales office, 
Thermal Products Division, Dept. NC-1, P.O. Box 1065, Schenec- 


I 


NEW YORK 


Sales Offices in Principal Cities 
Atco Nuclear Components 


reactors core removal and handling equipment 
reactor vessels regenerative and non-regenerative 
control-rod drive mechanisms exchangers 

pressurizers liquid metal exchangers 

steam generators decay exchangers 

core support structures special heat-transfer equipment 


Diesel Engines: Nuclear Reactors’ Heat Exchangers: Springs: Steel Pipe « Forgings ' Weldments * Oil-Field Equipment 











General Electric is now branching out into the second 
stage of its extensive program for nuclear powered flight. 
The first was reached successfully only a short time ago, 
when the first turbojet to be exclusively powered by heat 
from an atomic reactor was ground tested at the National 
Reactor Testing Station in Idaho 


Both engine and reactor were developed by G.E. for the 
Atomic Energy Commission and the U.S, Air Force 


NOW more engineers and scientists from almost every 
technical area are needed to contribute to this expanding 


operation, 


«+ have you a lot of nuclear experience? 
«+ alittle nuclear experience? 


o+-no nuclear experience? 


Nucleonic background or not, there are many advanced 
assignments open today at G.E. where an ME, EE, AE, 
Mathematician or Physicist can apply his conventional 
skills effectively — and at once. Knowledge of nuclear as- 
pects of his work will be provided through consultation 
with G.E, specialists, through in-plant seminars and grad- 
uate study (leading to M.S. or PhD.) on a 100% Tuition 


Refund Plan. 


a? 


WHY there are so many NEW opportunities 
in Nuclear Flight Propulsion TOTAL 


GENERAL ELECTRIC 


IMMEDIATE OPENINGS FOR MEN 
WITH TRAINING OR EXPERIENCE IN: 


Thermodynamics Instrumentation 
Stress and Weight Analysis Cycle Analysis 
Heat Transfer Applied Mathematics 
Fluid Flow Digital and Analog Computer 


hiel 

Shield Design Theoretical Physics 

Remote Handling Metall 
etallurgy 


Reactor Design & Structures 

Turbojet Applications Physical Chemistry 

Environmental Testing Ceramics 

Controls Reactor Analysis 
Facilities Design for nuclear research and testing 


@eeereveeeeeeeeeeneeeeeeeeeeeeee 


lj you would like to share in the barrier-breaking enter- 
prise of putting the first nuclear-powered plane into the 


air, write to G.E. in confidence today. 

Mr. J. R. Rosselot + P.O. Box 132 + Cincinnati, Ohio 
Mr. L. A. Munther « P.O. Box 535 « Idaho Falls, idaho 
AIRCRAFT NUCLEAR PROPULSION DEPT. 


GENERAL @@ ELECTRIC 
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| gamma-ray 


SPECTROMETER 


by nuclear-chicago 


Model 1820 Recording Spectrometer combines 
a precision non-overloading single channel 
pulse height analyzer, analytical count rate meter, 
automatic scanning controls, and a recorder in 

a single chassis for quantitative energy separation 
of gamma-ray spectra. It offers these 
outstanding features: 


@ completely automatic scanning and recording 
of gamma-ray spectra 


@ exceptional non-overloading characteristics of 
linear amplifier 


@ wide choice of full scale ranges, time 
constants, scanning speeds, chart lengths 


@ extremely stable, wide range high 
voltage supply 


@ motor-driven base level potentiometer with 
automatic shut-off 


@ window width continuously variable from zero 
to LO percent of spectrum range 


Model 1820 provides simple controls for greater 
ease in operation, while offering extremely 
stable circuitry for high linearity and freedom from 
drift. It greatly facilitates multiple-isotope tracer 
analysis, isotope identification, relative isotopic 
MODEL 1820 abundance studies, determination of radiochemical 
CONSENS OS HUNEIET TUNNELS purity, and other techniques in which a true record 


of count rate vs. gamma-ray energy is required. 
Model 1820 and more than 30 other 
new instruments for radiation detection 
and measurement are fully described 
in our new Catalog Q, available on request. 


nuclear - chicago 


cow7w *#® ©&8o fA a TT 1 S&S rt 


235 WEST ERIE STREET + CHICAGO 10, ILLINOIS 
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This CHEMPUMP princi 


can be custom-fitted to your 


nuciear pumping requirements 


The diagram above shows how Chempump 
works... why it can pump hard-to-handle 
fluids with zero leakage and practically no 
maintenance. Motor and pump are totally 
enclosed in a single hermetic unit. No 
mechanical seals to fail. No stuffing boxes 
to pack or “nurse.”’ And external lubrica- 
tion is never required .. . bearings are con- 
stantly lubricated by the pumped fluid itself. 


This principle, embodied in the Chempump 
line of standard pumps, can also be applied 
to special pumps custom made to your 
specifications. You can specify practically 


any construction materials... special bear- 


ings... special voltage... special perform- 
ance characteristics special flanges. 
Chempump can be built to operate at vir- 
tually any pressure, and at extremely high 
and low temperatures. It can be easily 
modified for submerged service. In short, 
you can have a Chempump built to serve 
dependably in any nuclear laboratory or 
plant application, however demanding. 


For complete details, call or write Chem- 
pump Corporation, 1300 East Mermaid 
Lane, Philadelphia 18, Pa. Engineering 
representatives in over 30 principal cities 
in the United States and Canada. 


... first in the field .. . process proved 
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fo reach the stars 
Start at the bottom/ 


How will men react to group-solitude for 
months (and years) on end? What happens in a 
weightless void? Disorientation, boredom, pain? 
What of the isolated space vessel itself? 


What happens to men and machine at photonic speeds? 


Similar problems —in their particular contexts—have been solved 


by Electric Boat brains for over 50 years 


Years before men could survive in their new nuclear submarine world, the 
feasibilities of such existence were explored and solved by the 


‘Integrated Concept Technique” of Electric Boat Division of General Dynamics Corporation 


No feasibility problem can be solved piece by piece. The Electric Boat's 


“Integrated Concept Technique” analyzes and interprets the problem as a whole 


In your feasibility work, we can save you months — maybe years by applying the 


Electric Boat ‘‘Integrated Concept Technique” to your problems 


ELECTRIC BOAT DIVISION 


oe ee eee ee eon menen ek. a wma mek, | 


Write to Dept i 1CT+7 | GROTON, CONNECTICUT 
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Here’s the latest 
on Lithium 


METAL DISPERSIONS 


Got a catalyst problem? 


Interest sparked by the discovery that 
lithium metal dispersions make unique 
polymerization catalysts (the poly- 
merization of isoprene to a “‘natural’”’ 
rubber) indicates a heretofore unex- 
ploited instrument of research. 





aed : : Microscope and Illuminator by American Optical Company, Instrument Division, Buffalo, 
Consequent ly, Lithium Corporation New York. Polaroid® Land Camera by Polaroid Corporation, Cambridge, Massachusetts. 


is now making available experimental 

quantities of dispersions of this highly reactive 
metal. These dispersions may be purchased in 
either mineral oil or a mineral oil-petrolatum 
combination as the dispersing medium. Dis- 
persions in other media are available as special 
items. The “package’’ is obtainable in five 
sizes from 25 grams to 1 pound. Over 90% 


of the lithium metal particles have a diameter 
less than 25 microns. 

Specifications, information for preparing 
the dispersions including handling instruc- 
tions, prices and product data on lithium 
metal may be obtained by submitting a re- 
quest on company or institutional stationery. 


. drends ahead in industial applications for lithium LITHIUM CORPORATION 
OF AMERICA, INC. 


2595 RAND TOWER, MINNEAPOLIS 2, MINN. 


PROCESSORS OF LITHIUM METAL « METAL DISPERSIONS BRANCH SALES OFFICES: New York « Chicago « Bessemer City, N.C. 
METAL DERIVATIVES: Amides Hydride MINES: Keystone, Custer, Hill City, South Dakota « Bessemer City, N.C. 
SALTS: Bromide « Carbonate « Chioride « Hydroxide « Nitrate Cat Lake, Manitoba « Amos Area, Quebec 


SPECIAL COMPOUNDS: Aiuminate « Borate « Borosilicate « Cobaltite « Manganite 


PLANTS: St. Louis Park, Minnesota « Bessemer City, N. C, 


Moivbdate « Silicate « Titanate « Zirconate « Zirconium Silicate RESEARCH LABORATORY: St. Louis Park, Minnesota 
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the present 
and 


YOUR FUTURE IN ATOMIC POWER 


The USS Nautilus prototype was the first successful 
application of nuclear power. In 1957 the nation’s first 
full-scale commercial generating plant at Shipping 
port will have its turbines powered by a Westinghouse 
reactor. Although the success of the nuclear reactor 
is a historical milestone, the application of nuclear 
power is still in the pioneering stages. 

At Bettis Plant, operated by Westinghouse for the 
Atomic Energy Commission, more nuclear power re 
actors are being designed and developed. Here scien 
tists and engineers are continuing to investigate new 
areas for progress in all phases of reactor theory, de 
sign, and application. 

Much applied research remains to be done before 


the potentialities of nuclear energy can be utilized 
to the fullest. Opportunities for original work in a 
variety of fields present a creative environment for 
professional growth. Outstanding young scientists 
and engineers can also earn a PhD through a work- 
study plan in our doctoral fellowship program. 

If you are a physicist, mathematician, metallurgist, 
or a mechanical, chemical, or electrical engineer, in 
terested in the challenging opportunities offered by 
the leader in the nuclear power industry, write for a 
descriptive brochure on the opportunities in your 
field. Be sure to specify your interests. Address: Mr. 
M. J. Downey, Westinghouse Bettis Plant, Dept. 
A-154, P. O. Box 1468, Pittsburgh 30, Pennsylvania. 


(i) BETTIS ATOMIC POWER DIVISION 





Westinghouse 
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General 

NEW 

HI-SPEED NPN 

SWITCHING TRANSISTORS 
Assures Computer Reliability 


Computer engineers long seeking NPN transistors in applica- 
tions requiring high current and fast switching will specify 
General Transistor's new 2N356, 2N357, and 2N358 for peak 
reliability. 

2N358: As developed by General, a typical switching speed of 
4 of a microsecond at 300 milliamperes of collector current 
is possible with only 15 ma. of drive current. 

The series resistance of these GT transistors, when conducting, 
is ¥2 ohm; the nonconducting series resistance is as high 
as 5 megohms with a result that approaches optimum efficiency 
at high current levels. 

Computer manufacturers know they can depend on General's 
engineering and development as well as their quality and 
service. That's why GT is the largest supplier of transistors 
for computers. 


al 
2N358 CHARACTERISTICS 


Parameter Conditions Min =‘ Typical 
Collector-Base Ic = 25a 20V 30V 
Voltage Vcb = 5V 
Collector Cutoff Ic = 300ma 
Current Vce = .25V 20 30 
D.C. Current Gain.____ic= 1ma____.._——-_—s29me 
Alpha Cutoff Veb = 5V 
Frequency 2 


20n 
~ oul 
isppf 
| oe 


Switchung Crcuit +6V 


Write for GT's special NPN Computer Transistor 
Specifications Bulletin. 


GENERAL TRANSISTOR CORP. 
396, 1N ARCHER AVENUE AND 138 PLACE. 


2N357, NPN Jamaica 35, N. Y.—Olympia 7-9700 
2N358, NPN Cable: Transistor New York 
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Sylvania-Corning 


Nuclear Corporation 


The world’s first atomic fuel company 


N, vy that the energy of the atom is 
I iccessfully harnessed to com- 
uses, the world is rapidly 

ahead to exploit this huge 

of power. Several nuclear 

are already producing 
ity. Many more are being 


plant 


It the world over. 
ipply the growing need of 
power plants for any 
of nuclear fuel, Sylvania Elec- 
Products Inc. and Corning Glass 
rks have formed the jointly 
owned Sylvania-Corning Nuclear 
Corporation. Through specialization 


atomic 


Vol. 15, No. 5 - May, 1957 


in the design, fabrication and proc- 
essing of nuclear fuels, the Corpora- 
tion’s aim is to provide complete and 
continuous service to all of the users 
of nuclear fuel 

Sylvania’s Atomic Energy Divi- 
sion brings to the new corporation 
more than eight years of experience 
in the design and fabrication of 
atomic fuels and fuel recovery 
processes. Corning Glass Works has 
pioneered in the development of 
high-temperature ceramic nuclear 
fuel elements 


SYLVANIA-CORNING NUCLEAR CORPORATION, Bay 


The nuclear energy activities of 
both companies have become the 
Sylvania-Corning Nuclear Corpo 
ration, the only company devoted 
exclusively to the development and 
supply of nuclear fuel 

For more complete information on 
this new organization, write to the 
address below. The combined scien- 
tific, engineering, and technical staff 
will be glad to help you solve any 
problems you may have in nucleat 
fuel application 


ate or in the planning 


whether immedi- 
stage 


ide, N. Y. 
41 





"BACKGROUND REDUCED BY A FACTOR OF _ 


... With new Tracerlab low background 
well scintillation counter - SC-57 


Background of = 100 CPM is normal for SC-57, 
with its 1%. inch diameter by 2 inch Well 
Crystal. This contrasts with the normal back- 
ground of approximately 500 CPM with the 
same crystal in the SC-46, Users report a 
plateau slope of less than | percent per volt per 
100 volts for a length of 200 volts, when used 
as a standard detector 


Versatile in application! The SC-57 may be used 
either as a spectrometry detector or as a stand SC-57 Counter and “1000” Scaler 
ard detector for quarter-volt scaler imputs, An provide a Tracerlab combination of 
amplifier by-pass switch makes this dual use instruments that is unparalleled for 
possible. low background. 

leng-ferm count stability is built into the SC-57 
by mounting the phototube amplifier assembly 
on the outside of the well shield. This design 
feature provides absolute thermal and optical 
isolation of the photomultiplier tube from the 
amplifier vacuum tubes 





Tracerlab offers excellent career oppor- 
tunities for engineers and scientists. For 
detailed information write our Industrial 
Relations Department 











low activity liquid sample counting is a particular 
area in which the SC-57 has already proved 
Tacerlab } 


valuable. Tpacerlab ") A. 
Cempiete information on the Tracerlab SC-57 /racer, a 


Low Background Well Scintillation Counter will 1001 Teansle 04. Welthem, t8 
' ‘ . : 601 Trapelo aitham, Mass 
= oy to you by return mail, Why not write 2030 Wright Ave.” Richmond, Calif 





Offices in principal cities throughout the world. 
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UTR-10 Plan3 | 


SHOWING EXPERIMENTAL | 
SHIELDING TANK AND 
THERMAL COLUMN 


most neutron fiux per dollar 


American -Standard’s University 
Training Reactor, a graphite- 
reflected, water-moderated tank 
type reactor, was developed from 
the proved training reactor con- 
cept originated in the prototype 
ARGONAUT at Argonne Nation- 
al Laboratory. 


The UTR-10 design power level of 
10 kilowatts was established on 


the basis of providing, at minimum 
cost, an optimum neutron flux 
level of 10''n/cm’-sec... required 
to meet the needs of a comprehen- 
sive nuclear training curriculum. 
For detaiis on the UTR program, 
including information on various 
plans to meet your specific re- 
quirements, write for the UTR 
descriptive brochure. 


American-Stardard 


ENERGY DIVISION 


rer © Sh? 2. Ss & t.2 


ATOMIC 


REDWOOD C¢ 
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OF INTEREST 
TO ENGINEERS 


FOR PERMANENT INSTALLATIONS! 


Use Ceramic Insulated Wire 


for * * "® THERMOCOUPLE WIRE & LEADS 


* POWER LEADS 

* LOW LEVEL INSTRUMENT SIGNALS 
® RESISTANCE ELEMENTS 

® HEATERS 


For High Radiation Fields 


High pressure application; 50,000 psi; 
High & low temperature application; 

— 400 F to 2000 F 
Several diameters; 0.025" to 0.31" 


Many sheath & wire materials 
combinations. 


* insulated wire consists of 
conductors, surrounded by 


ceramic insulation, with 


p metal tubing overall 


INSTRUMENT COMPANY, INC. 





Send for free booklet ‘Instructions & Sug- 


gestions’ for use of Swaged MgO insulated 315 N. ABERDEEN STREET CHICAGO rs ILLINOIS 


wire. SALES REPRESENTATIVES THROUGHOUT THE UNITED STATES AND CANADA 
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2 to 10 Mev Linear Accelerator 


New Arco Western Service Irradiation Center for 


research and product development 


pilot scale studies 


limited commercial processing 


vow Arco offers you a completely equipped serv 
ice center for experimental or pilot plant irradia- 
tion. Heart of the new Arco facility is a powerful 
Arco Mark 1-F4 linear accelerator providing a 
onvenient, inexpensive-to-use source of xX ray, 
electron or neutron radiation. The Irradiation 
Center is available for single projects or continu 
ing irradiation programs. Your technical person 
nel may plan, conduct and evaluate their own ir 
radiation program ; our staff assists as desired. Or, 
samples may be shipped to Arco for irradiation to 


specification and returned to you for evaluation 


Briefly, these are facilities Arco offers: 


Electron Beam Energy 2 to 10 Mev 
Electron Beam Power Variable to 4 Kw 
Dose Rate Variable to 1.6 x 
Average Beam Current 700 pa 
Peak Beam Current 200 ma 
Beam Pulse Length 10 psec 
Pulse Repetition Rates 1 to 360/se 
Scan Width 3 to 18 inches 
Maximum Electron Penetration 
(+ 20% dose variation) 
One side 4 om water 
Cross-hiring 8 cm water 
Maximum X-ray Penetration from 
one side (* 20% dose variation) 20cm 
Maximum X-ray Intensity (at 18” ) 1.6 x 10°r/he 


Maximum X-ray Beam Power 

(6 Mev electrons) 700 watts 
Maximum Total Neutron 

Production 1 x 10''/sec 
Maximum Thermal Neutron 

Production 5 x 10°/cm’*/sec 


Chemical laboratory, vacuum line, dosimeters, 
industrial gases, machine shop 
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10"% 


min 


New brochure describmg Service 
Center facilities sent on request 


New Arco Irradiation Center is at Walnut Creek, 
California, 25 miles from San Francisco. 


APPLIED RADIATION CORPORATION 
Walnut Creek, California, U. 5. A 
Cable “ARCO” YEllowstone 5-2250 








ATOMIC 
EQUIPMENT 
IS OUR 
BUSINESS 


Canned Motor Liquid Metal Pumps... exclusive hermet- 
ically-sealed centrifugal design combines zero leakage with 
high efficiency. Extensive testing under rigid laboratory con- 
ditions proves these pumps capable of circulating sodium and 
NaK at capacities up to 4000 gpm and 1600° F. 


Canned Motor Pressurized Water Pumps .. . hermeti- 
cally-sealed for zero leakage in high-pressure applications. 
Available in a range from 5 gpm to 20,000 gpm, they can 
handle up to 10,000 psi ambient system pressure, and work in 
temperatures up to 680° F. Motor ratings range from '4 to 
2000 hp. Corrosion resistant, these pumps have been proved 
through thousands of hours of actual operation. Many models 
are in standard production. Special ratings available to 
customer specification. 

Control Rod Drive Mechanism ... hydraulic, electrome- 
chanical and electrical designs are available for adaptation to 
customer specifications. Engineering assistance and application 
data are available on request. 


Atomic Fuels .. . complete cores for nuclear reactors are 
being manufactured in a new plant at Cheswick, Pa. The new 
facility has special machinery incorporating the latest design 
features for efficient high-quality production. Personne] 
qualified in the design and manufacture of cores for pressurized 
water reactors for power use are now available for advanced 
engineering assistance and consultation. Inquiries are invited 
for engineering and manufacture of all types of power reactor 
and test reactor cores. 


Hermetically-Sealed Vaives ... basic designs for high- 
pressure, zero leakage applications are ready for development 
to customer specification in a range to fit 44-in. to 18-in. lines. 
Engineering assistance and application data for both pressur- 
ized water and liquid metal installations are available. 


Westinghouse Leadership ... gives you an unparalleled 
source of fully qualified products and advanced engineering 
assistance. Call your Westinghouse sales engineer or write: 
Westinghouse Electric Corporation, Atomic Equipment 
Department, Cheswick, Pennsylvania. J-57009-A 














YOU CAN BE SURE...IF ITS 
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in a large power reactor, now nearin 
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Westinghouse 


- 
1ese four canned motor pumps i 


I 
ha 


=" \\ 








in freight charges 


on these stainless steel plates 


TPVWESE STAINLESS sketch plates, produced by 

G. O. Carlson, Ine., saved the customer 46% in 
shipping costs. If he had bought rectangular 
plates and done his own cutting, he would have 
paid freight on excess material which he could 


not use. 


Then too, cutting and machining facilities were 


quite limited at the job site. Time and money 
were saved by having Carlson cut and machine 
the plates to the accurate tolerances specified. 

For your next work involving stainless steel 
plates, heads and other stainless products, let us 
show you how—and how much—you save by 
buying from G. O. Carlson, Ine. 


Stainless Steels Exclusively 


‘ARLSON wc. 


Plates - Plate Products - Forgings - Bars - Sheets (No. 1 Finish) 


THORNDALE, PENNSYLVANIA 


District Sales Offices in Principal Cities 
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The UNIVAC SCIENTIFIC Computing System 


Electronic Computation in Real-Time 


‘or complex research problems or 
l-time control requiring virtually 
instantaneous results from purely 
sensed data, the Untvac® SCIENTIFIC 


computing system offers unlimited 


possibilities. Its secret is phenomen- 
al internal speed combined with a 
large rapid-access memory. 

In the field of physical research, 


the Unrvac Screntiric is unexcelled 


because of its unfailing accuracy - 
especially with double precision and 
floating point arithmetic — and _ its 
ability to reduce tremendous vol- 
umes of data in an incredibly short 
time. Combining a wide range of 
input-output equipment for maxi- 
mum versatility with programming 
ease for simplicity of operation, 
this outstanding computer provides 


the means for handling any compu- 
tation for data reduction problems 
inthe field of engineering or research. 

For more information about the 
Univac Scientivic system and how 
it can be applied to your particular 
problems, write on your business 
letterhead to: Remington Rand 
Univac, Room 1582, 315 Fourth 
Avenue, New York 10, New York. 


Remington. land Univac. 
DIVISION OF SPERRY RAND CORPORATION 
skers of: Univac LARC « Univac Scientific « Univac | & II « Univac File-CComputer « Univac 60 & 120 « Univac High-Speed Printer 
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phone now! 


for a prove-it-yourself 
demonstration of the 


Honeywell 


We're sure, once you've seen the fabulous new 
Visicorder demonstrated, that you'll be as en- 
thusiastic as the thousands of others who have 


watched the Visicorder in operation. 


That’s why we're inviting you to be the judg-. 
Sales 


“ngineer.* He will set up a Visicorder demonstration 


to call your nearest Honeywell Industrial 


in your office, plant, or laboratory ...at your con- 


venience. 

The Visicorder, in the short months since its intro- 
duction has become the most wanted oscillograph in 
Why? 
frequencies from DC to 2000 CPS, with sensitivities 


America. Because the Visicorder records at 


that compare to photographic oscillographs. Because 


Minn earo.tetrtts 


Honeywell 


HEILAND DIVISION 


5200 E EVANS AVENUE+ DENVER 22. COLORADO 


ISICORDER® 


the stable, direct-reading Visicorder records are re- 
producible, and permanent under ordinary usage. 
Because the Visicorder bridges the gap between 
mechanical direct-writing oscillographs and photo- 
graphic-type instruments. 


So accept this invitation: Call your nearest Honev- 
well Industrial Sales Engineer today. He will arrange 
for you to operate the Visicorder yourself so that 
you can see for yourself how the Visicorder fits your 
most complex recording application. 


also ANNOUNCING... 


The high-frequency Visicorder galvanometers have 
been redesigned to provide sensitivity improve- 
ments as great as 4 times, and a new 1000-cycle 
galvanometer has been added. All high-frequency 
galvanometers shipped after March 15 are to the 
new specifications. 


*Visicorder demonstrators are now based in these Honeywell Industrial Sales Offices: Albuquerque + Altanta * Baltimore + Boston © Buffalo * Cleveland + Dalles * Dayton 
Denver * Detroit + El Paso + Hammond, Ind. « Hartford + Long Island City * Los Angeles * Omaha «+ Pittsburgh + Philadelphia * Richmond + San Diego + San Francisco 
Seattle + St. Louis * Syracuse * Toronto, Ont. * Union, W. J. © Washington D.C. + Amsterdam, Netherlands + and more on the way 
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you can ‘2e! 


the difference in the 
CRL system 








The “sense of feel’’, the versatility, the uncompromising 


workmanship .. . 


all are found in every CRL Manipulator. 


Research and production organizations all over the world 
are using these units for handling radioactive materials, ex- 
plosives, and hazardous chemical and biological materials. 
Natural motions of the operator’s hands are copied exactly 
at the slave end. The “‘sense of feel’’ helps the new operator 
to become perfectly competent with practically no train- 
ing period. Handles are adjustable to comfortably fit a wide 
range of hand sizes. 


. 4a 
7 
2 eae eae 


CRL Model 8 


for thru-wall installation 


A general purpose manipulator for 
installations requiring intermed- 
iate to high level shielding, the 
Model 8 features 


@ Accurate “‘sense of touch’’ Low 
friction forces low back- 


lash low inertia 


Greater versatility A variety of 
tools, tongs and locking motions 
ay tilable 

Easier sight control Operator 
need not step back to bring 
materials to barrier window 


Ease of relocation Can be with- 
drawn and moved by one man 
in five minutes with a light crane 
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CRL 
Model 4 


for over-wall 
installation 


A general purpose 
manipulator for 
installation over a 
barrier wall or through 
a ceiling opening of 

a protective 

enclosure 


CRL 
Model 7 


for restricted space 
installation 


A space conserving, 
light weight 
manipulator for use in 
hoods or over thin 
walls where minimum 
clearances and easy 
portability are 
important factors 


central research manipulators 
from basic Argonne National Laboratory design 


write today for complete information lo: 


Condi Rescwieh, 


laboratories, inc. 
Red Wing, Minnesota 


Dept. 102 

















Cranes and hoists For moving 
heavy loads in hot cell areas 
by remote control. They are 
specially designed by CRL, for 
use with CRL manipulators, 


Flexible booting Protects slave 
end from dust and contamina 
tion. Restricted gas-flow seal 
possible Won't interfere with 
manipulator’s natural move- 
ments, 


Special-purpose tongs For repe- 
titive or highly specialized 
operations ide Pa tion of 
types to meet all requirements, 


accessories 
for mast r-slave 
manipulators 


Load hook Available for CRL 
Model 8; may be remotely at 
tached or removed, Permits a 
vertical lift of 60 lbs. 


Motion locks Permit objects to 
be rigidly positioned in space 
Locking grip #tandard on all 
models. Locks for all other mo 
tions available as accessories 














\OOO HOUR RUPTURE STRENGTH 
* 1 OF COLD ROLLED ANNEALED SHEET 


Belere) 
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1O090 


1300 1400 


1500 
TEMPERATURE — °F 


Nickel Alloys 


1600 1700 E-Leke) 


You can stress this Inco alloy 
hundreds of hours in great heat 


Need metal that resists deformation 
under continued high stress at high 
temperatures and in corrosive atmos 
pheres? 

You have it in Inconel* nickel 
chromium alloy. 

Inconel alloy is unique in its high 
performance characteristics at ele 
vated temperatures. It is widely used 
in heat-treating, in high-temperature 
chemical processing, in jet aircraft 
engines. 

In the field of nucleonics... 
Inconel nickel-chromium alloy is used 
in uranium metallurgy and other proc 
esses where high temperatures are a 
factor. Here's why: 

Inconel alloy is structurally stable. 
It is not subject to embrittlement on 


Inconel ... for long life 


prolonged heating in non-sulfidizing 
atmospheres. 


Inconel alloy is chemically stable. 
It resists damage by oxidation, carbu 
rization and most other forms of high 
temperature attack 

Inconel alloy is mechanically stable. 
It retains useful properties to 2100'F., 
and over, in some applications, and 
withstands thermal shock. 

Inconel alloy is easy to work. 
easy to form, machine, weld avail- 
able in all commercial wrought forms 

m P 
For complete information on Inconel (and 
age-hardenable Inconel “X’’) alloy, write 
for Inco’s 24-page Technical Bulletin T-7 
K ene I emark 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y 











PHYSICAL CONSTANTS OF INCOWEL ALLOY 
Non-magnetic 
ity ib/cu in 0.307 
specific Gravity 8.51 
Melting Point °F 2540-2600 
fic Heat (32-212°F) Btu/ib/°F 0.11 
on Coefficient 
106 in/in/°F 
Thermal Conductivity (32-212 
Btu/sq ft/hr/°F/in 
ectrical Resistivity (32°F 
ohms/cir mil ft 
ile Modulus of Elasticity 106 


Torsional Modulus of Elasticity 106 


MILL FORMS 
id rolled sheet Cold drawn seamiess 
i rolled strip pipe 
Extruded tubing 
Hot rolled piate (solid 
Forged billets & shapes 
Hot rolled sheet 
astings 
Cast fittings 
Hot rolled plate 
clad steel 
jenser tube Wire 


Hot finished rod 
& shapes 
4ot rolled angie: 
1 drawn rod 
hapes 
} drawn seamie 
tube 








at high temperatures 
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A NUCLEONICS SPECIAL REPORT 


Analog and Digital 


computers 


in Nuclear Engineering 


Analog and digital computers are widely used in nuclear engineering—from funda- 
mental studies of cross sections to applied studies of pipe stresses, from figuring fission- 
product buildup over years to microsecond neutron histories. We have tried, in assem- 
bling this special report, to reflect that variety—the first five articles are on digital 
computation, the last six on analog. In both sections we have gone from an intro- 
ductory primer to a general survey. The remaining articles tell of specific applica- 
tions, chosen for their newness. ‘This special report by no means exhausts our interest 
in computers; we intend to continue to report on developments in this field, 


The Editors 





An Introduction 
to Digital 
Computers 


Input, memory, control, arithmetic and output 
work with superhuman speed and accuracy 


to solve complex problems digitally 


FIG. 1. Information flow among the five sections of a digital computer 


DIGITAL COMPUT! * are designed to 


contribute superhuman speed and ac 


ira to the solution of mathematica! 
problems They perform basic arith 
metic operations and preseribed logical 
tests, all based on simple additions and 
ibtraction The cannot be the 
Drains ol in engineering depart 
ment father they are extremely effi 
cient mathematical robots that execute 
instructions blindly and faithfully 
Spectacular developments in elec 
tronics during the 1940's provided the 
components and techniques that made 
feasible the development of high speed 
electronic computers This early 
period saw the outbreak of a rash of 
istom-built, one-of-a-kind computers 
like ENIAC, SEAC, SWAC, et 
Simultaneously other engineers and 
mientists were making progress in 
punched-card techniques. These were 
people who did not have the resources 
required for trul large-scale elec 
tronic computation but who already 
had punched card equipment as tools 
for their accounting groups. The logi- 
cal outgrowth of the use of this machin- 
ery for computation was the card pro- 
grammed calculator. This connected 
everal accounting machines to make 
i single unit and resulted in a de 
ce suitable for engineering and scien 
tifie problems Over 200 installations 
of card-programmed calculators were 
placed in the field, and over 2,000 
punched-card calculators are in use now 
Today we are in a truly significant 
era Of both equipment development 
ind application development. This is 
because there are available many pro 
duction-model computers for the engi 
nee! More than 175 large-scale com 
yuters and more than 700 “interme 


diats machines are presentlyinst illed 


Solving a Problem 


Che solution of an engineering prob 
lem with a digital computer consists of 

1. Formulation— mathematical ex 
pression of the physical situation 

2. Numerical analysis develop- 
ment of an arithmetic means of solution 

3. Planning for the machine—devel 
opment of an over-all strategy for using 
the machine 

4. Programming—preparation of de 

led instructions for the machine 

Debugging—discovering and cor- 


y errors in steps 1—4 


ial pr i 
18 EK. 41 St 
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6. Running 

7. Analyzing results 
>These 
r example, when interpreting results 


steps are not independent 
just be cognizant of the numerical 
mations developed In step 2 


Logical Organization 
| } 


ligital machine has its distine 


iracteristic However, they 


sic similarities in general 
| indicates the typical 
} 


mn lips 


imong the sections 
Memory. This stores numbers and 
instructions coded in numerical form 

Here are 


Arithmetic section. per- 


formed the arithmetic processes 


Input This provides the means for 
inserting both data and instructions 
Output. 


Control. 


This presents the results 
Che control section inter- 
pret tructions and causes the ma 
chine to perform specified operations 
ecified data. It controls what 
machine what data it 


hat sequence it operates 


does uses 
This 

mmplished through interpretation 
quences of instructions 


ructions, which are coded in 
can be modified arith- 
That is, 


instructions 


i) form 
by the machine. 


rogram can include 


cause the 


tself 


machine to rein 
For example, if the re 
ome process is unsatistactory 
too small, ete.--the machine 
rogrammed to vary the param- 
until a satis 


i Systematic way 


ult is obt ined 


Memory 


In all currently operating machines 
ories depend ultimately on bi 
entation. This comes from 
construction of two-state 


vhich one state represents 


if binary digit system and 
state represents the “'] 

illy one can form a binary ele- 
different 


a hole in a ecard 


many Wavs (‘om- 
Ss ure i 
b) a magnetized spot on 


disk, (¢) a 
a spot on a cath- 


pe, drum, or 
d core, (d 

screen, (e) a pulse in an 
line f) the charge on 
g) a conducting (or cut- 
tite 


is «ke 


it is possible to form 


sired in the 


com 
TOCeRS 


representations from binar 


Phen the decimal number can 


led and stored with devices 
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designed for the purpose. For exam- 


ple, this is done by punching | of 10 
possible positions on a card 

Access time Such devices as mag- 
netic cores and cathode-ray tubes pro- 
retrieval 


vide electronic speeds im the 


ol required Information Such a re- 
Mic roset 


disk 


require phys 


trieval requires onl i few 
The 


on the 


magnetic drum and 


other 


onds 
hand 
f the 


tape 
ical movement « magnetic surface 
to the reading head before the 


rhis 


times of at 


relative 


information can be obtained 


usually results in access 
least several milliseconds 
In Fig. 2 we have an example of 


access times —those of a magnetic drum 


FIG. 2. Access time for a rotating 
drum depends on the storage position 
of the required word 


If we want information that has just 


passed under the head, we must wait 


ior a comple te revolution of the drum 


Several technique ire used to im- 
ad oft 


the rotating drum 


prove the uch memories as 


Spree 
Optimal program 
ming is an example The programmer 


locates information with discretion so 
that it is passing under the head at op- 
Another 


portune moment means 18 


i revolver, which reduces the storage 
ind the maximum access 


time by the sam Head No. | 
read ind the 


area available 
laetor 
continuously informa 
vritten on the 
head 


between the 


tion 1s amplified und re 
track by the 


stored on 


number 2 Infor- 


mation 18 


he ads 


Arithmetic Section 


All digital machines have arithmetic 
Most have facilities for addi 


subtraction pic 


sections 
ition, and 


some have adivision 


tion 
division, but some d 0 if ision 
and nor 
multiple ation 


mmetri« \ ins that if they 


machines are 


accept word length a at the input and 
provide word length a at the output 
the arithmetic unit has length 2a A 
‘word”’ is a sequence of digits express 
ing either instructions or data 
Versatility is enhanced in many ma 
chines by providing for a floating deci 
mal point. The first two decimal digits 
of a word tell the position of the point 
They are written to equal 50 plus the 
appropriate power of ten 80 that they 
both 
Thus 12345.678 is expressed 


represent negative and positive 
powers 
as 0.12345678 & 10 
5512345678. and 0.00012345678 is writ- 
ten 4712345678. The two digits that 
represent the exponent are called the 


of the number and the 


and written 


‘characteristic’ 


rest the “mantissa” or “ fraction,” 


Input and Output 


Of several types of input-output 


media in use today, the principal ones 
are punched cards, punched tape, and 
magnetic tape 

In these parts of the machine an im- 
The 
reading of the next card is anticipated 
so that 
the buffer 


read a card 


portant concept is buffering 


its contents already reside in 


When the 


the information 


instruction 
occurs 
on this card, having already been read 
into the buffer, is 


from the buffer 


merely transferred 


memory to the main 
memory. The computer goes on work 
ing, and the information on the next 
transferred to the buffer for 


command 


card Is 


the next read-n-card 


Control 


The control section of the computer 
interprets instructions, which are 
form \ 


stored-program instruction | 


usu 


ally in numerical typical 
made up 
Phe two-digit operation 
code specifies the operation. Thus 01 


02 subtraction, 18 


of two parts 


might be addition 
multiplication, 20 division, et Che 
address digits specify the operand to 
be used when performing the instrue 
They give its location in the 
A sing! 


register in the 


tion 
meniwory address instruction 
presumes 4 irithmetic 


section holding the number on which 


the operation | to be performed 
Thus a single-address instruction means 
take the in the 


erat 


number register; op 
with the stored at 
and leave the 
Other 


on it number 


the address given result 


in the register instructions 
and after this one 
into the 


sult out 


must be used before 


the original number 


ind take the 


to get 


register final re 
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The Role of 
Digital Computers 
in Nuclear Design 


High-speed digital computers are essential 
to the modern nuclear reactor designer. 
The many programs coded for nuclear problems 


illuminate questions of application and cost 


By WARD C. SANGREN 
John Jay Hopkins Laborato ( ‘ure and Applied Science 
General Alomic D on, Genere ynamiucs Corp., San Diego, California 
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NEUTRON FLUX plot in two dimensions for Belgian Engineering Test Reactor 
typifies computer use in nuclear design. Central axis of reactor core is at top 
of figure and outer surface of water-shield annulus is at bottom. Top and 
bottom core-support plates are at right and left. Calculation by Nuclear 
Development Corporation of America using Datatron and new R-Z reactor code 








He USEFULNESS OF digital computers 
for nuclear calculations was appreciated 
arly by scientists and engineers con 
“1 with atomic laboratories In- 
some individuals, such as John 
Neumann, played major roles in 
early development of both high- 
peed digital computers and nuclear 
energy Calculating punch-card ma- 
chines, such as IBM 602, 604, and 
Card-Programmed Calculator, were 
used for reactor calculations in the late 
1940's Oak Ridge National Labora 
tory, Los Alamos Scientific Laboratory 
ind Knolls Atomic Power Laboratory 
can be singled out for their early inter- 
est in such calculations 
Chere is little question today that 
nue lear rent tor calculations on high- 
speed digital computers are vital, and 
will become more so, in furthering the 
design of nuclear reactors. Computing 
ind mathematics groups are becoming 
i more essential part of the scientific or 
engineering installation. The recent 
establishment of these groups as major 
divisions at Brookhaven and Argonne 
National Laboratories emphasizes this 


trend 


Problems and Codes 


Nuclear reactor calculations that 
have been programmed for digital com- 
puters are already so numerous and 
diverse that classification and catalogu- 
ing of the existing digital codes is not a 
trivial undertaking. In fact today 
this is equivalent to classifying nuclear 
reactors and all the problems involved 
n their design Among the possible 

issification systems are those based 
ipon the particular mathematical or 
numerical technique that is used; the 
number of independent variables, such 
is space dimensions; the aspect of the 
reactor that is being calculated; and the 
cientific or nuclear field from which 
the calculation arose 

Radkowsky and Brodsky 1) have 

ted and classified the digital machine 

xles used for reactor calculations that 
ted up to October, 1955. In this 
bibliography, reactor codes are classi- 
fied under reactor physics, reactor sur- 
vey, shielding, reactor kinetics, reactor 
burn-out, reactor engineering, or mis- 
cellaneous The Newsletters of the 
Nuclear Codes Group (2, 3) have con- 
tinued with the classification system of 
Radkowsky and Brodsky 

The classification below closely fol 

lows that of Radkowsky and Brodsky 


\ few comments have been added to 


May, 1957 - NUCLEONICS 





category 
this 


ite the each 


scope of 
Engineering. Calculations in 
rory involve engineering problems 
do not involve nuclear consider- 
as heat conduction, stress 
Although 


most important constraints on re- 


sucl 


and flow problems 


design are probably in engineer- 
relatively 
this 


For example, even though 


ther than in physics, 


vles have been written in 
mitations are of vital importance 

reactor used as a heat or power 
little effort 


d on codes for these problems 


SOU f very has been eX- 
pend 
Physics. Included is any calculation 
rising in physies, and particularly in 
ear physics that is related to reac- 
In particular, most of the pre- 
iry calculations of parameters that 
needed in the other categories are 
placed here (e.g., the evaluation of reso- 
nance absorption integrals to provide 
effective multigroup cross sections). 


Shielding. These 
concerned with the shielding of person- 


calculations are 


nel and equipment from neutrons and 


gamma rays. Although adequate but 


not ¢ shielding is needed for 


stationary reactors, most shielding 
codes seem to have arisen in connection 
where weight is 
These 


shielding calculations fall roughly into 


with mobile reactors. 


ol paramount importance, 
one of three mathematical categories 
Mor te ( 


ind numerical solution of an approxi- 


irlo, numerical quadrature 
mation to the Boltzmann equation 
This cate 


neludes kinetic calculations 


Short-term operability. 
tem- 
ire-coeflicient calculations, and 
calculations 
These 


help determine the safety, stabil- 


milar ‘‘short-term”’ 


pertaining to reactor operation 
code 
it inc design parameters of reactors 
mt of them investigate the kinetic 
of reactors to step or ramp 

in reactivity The reactor is 
considered to respond to 
nges as a unit, with time as the only 
The 


nonlinear 


resulting 
dif- 


In solving these 


lependent variable 


ms are ordinary 

equations 
f problems on analog computers 
been helpful to observe immedi- 
brought about by 
This 


computers 


the changes 

n the input parameters 
that 
mediately observable outputs 


iggests digital 
the cathode-ray-tube outputs 

the ORACLE and IBM 704, could 
rofitably used in a similar manner 


Long-term operability. This cate- 
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gory involves calculations of fission 


product buildup, burnup of fuel and 
poisons, breeding or conversion ratios as 
a function of exposure, and core-loading 
life A series of criticality calculations 
intermediate cal 


with appropriate 


culations can be used for “long-term 
codes 

Diffusion and age-diffusion. This 
is the largest category of reactor codes 
and has as its starting point the diffusion 
and age-diffusion equations, with vari 
Th 


or radius are what 


ous alterations neutron fluxes 
and the critical mass 


is desired The age-diffusion equation 
can be derived from the transport equa 
tion by expanding the angular fluxes in 


The 


Irom 


spherical harmonics age-diffu- 


sion equation results retaining 


only the first two terms in this expan- 


sion. Because of the similarity to re- 


taining the first two terms in a Legendre 
series expansion, this is called a P; ap- 


proximation, /’y, /’s5, and higher ap- 


proximations can be obtained similarly, 


Transport approximations. These 
codes start with the Boltzmann trans- 


port equation and solve for the neutron 





Nuclear Code Fraternities 


The Nuclear Codes Group, in exist- 
1956, provides for inter- 
change of information about nuclear 
codes on a nation-wide basis. At present 
the group has members from over forty 
installations, including nearly all com- 
panies and government installations in- 
terested in reactor design. Roughly half 
of these installations own, rent, or have 
ready large machines, and 
roughly medium machines 
available. 

The group publishes a quarterly News- 
letter containing information on the 
status of reactor codes at various in- 
stallations. Specific information on a 
given program can be obtained directly 
from the originator or from the local 
representative of the computer manufac- 
turer addition general 
meetings are held semiannually concur- 
rently with those of the American 
Nuclear Society. Inquiries should be 
directed to the chairman of the group, 
R. J. Graydon, Atomics International, 
Box 309, Canoga Park, Calif. Specific 
requests about the Newsletter should be 
sent to S. Schechter, New York Univ. 
AEC Computing Facility, 25 Waverly 
Place, New York 3, N. Y. 

Two other organizations, Share and 
Use, made up respectively of users of 
the IBM's 704 and Remington Rand's 
1103, have also given nuclear codes 
consideration. Share, the larger organi- 
zation, contains about 70 installation 
members, of whom about 10 are con- 
cerned primarily with nuclear energy. 


ence since 


access to 


half have 


concerned. In 


Boltzmann equation is a complicated 


fluxes and some critical quantity 


integral-differential equation expressing 
The 


primary unknown function, the angular 


the conservation of neutrons 


can be a func 
three 


distribution of neutrons 


tion of three space variables 


velocity variables, and one time vari 


problem In ¢ ompleted when « ertain con 


The physical or mathematical 


primarily cross sections, and 


stants, 
boundary conditions are pres¢ ribed 

Others. 
actor chemistry 
and codes that do not fit into the other 


This category includes re 


biology, mathematics 
categories 

Even with this classification system 
it is very difficult to discuss compre 
hensively the nuclear codes that have 
been prepared, Among the contribut 
ing difficulties are (a) the security 


classification, in most cases unneces 
sary, of the codes and descriptions of 
the codes; (b) the lack of published and 
(c) the 


inadequate interchange of information 


distributed write ups of codes 


which has existed between workers 


preparing codes; (d) the newness and 
unsystematic development of the field 
and (e) the almost continuous changes 
undergone by even the more successful 
codes 

However the bibliographies (1-3) 
of the 
providing specific 
each of the 
feeling for the 
effort 
listed in 
about 140 


nuclear codes, in addition to 


information about 


available codes, do give a 
and 
The 
theme 
Th 


is follows 


good magnituce 


distribution of the so far 
total 


SOUTCOS 


number of codes 
comes to 


breakdown by category is 


engineering s 
Physics 

Shielding 

Short-Term Operabilit 

Long-Term Operability 

Diffusion and Age-Diffusion 
Transport Approximations 


yianes it the dis 
that the 
effort and 


Kven a casual 


codes shows 


tribution of 


greatest amounts of tine 


lving the neutron 
More than half 


listed under the 


have been spent on ma) 
transport problem 
of all the 


diffusion 


cous sm ur 


and age-diffusion categor 


or under approximations 
Within this family the 


represent i 


transport 
arious multi 


codes particularl 


group 


large investment of time and mon 
The two-dimensional code CURE, for 
000 


hours on the 


57 


example, involved over man 


hours and 70 machine 





IBM 704 


production problem 


preparator 


Neutron-Transport Codes 


Because of the special empha 


| 


neutron-transport codes have received 


a few comments on the actual tecl 


niques involved in these ilculation 


are in order, The usual objective of 


of these calculation to obtain 


fliixe athe 


reactor system 


any 


the neutron | the critical 
parameters for a giver 
The over-all mathematical technique 
reactor can be onl 
Mhrlich 


multi 
diffu 


for calculating a 
indicated here. The article by 
and Hurwitz (4) illustrates the 
group method for solving the age 
sion equation and the report by Carl 
son (45) illustrates a method for solving 
mathe 


the transport equation. In 


matical language, the problems are 
reduced, in the steady-state cases, to 
finding the fundamental eigenvalue (a 
critical parameter) and eigenfunction 
(the fluxe of 


differential-integral equation Nu 


neutron homogeneou 


merically, it is necessary, of course, to 
reduce the problem to finding the funda 
mental eigenvalue and eigenfunction of 
Although the cal 
deal with 


not particularly advan 


associated matrice 
culations and codes actual! 
matrices, it is 
tageous to think of the problems in 
such terms. The power technique of 


matrix theory is customarily used to 


find the eigenvalue and eigenfunction 
In the language of physics, this power 
technique is equivalent to first guessing 
a source due to fission, and then com 


puting—in continuing sequence— fluxe 


from a source and a source from fluxe 


When 


same shape, the processes converge. A 


succeeding sources have the 
ratio ot succeeding sources gives a Value 
to v,, the calculated average number of 
neutrons emitted per fission required 
to maintain criticality 

The number of groups in a problem 
refers to the number of values or inter 
vals of energy (or velocity or lethargy 
in which the neutrons are assumed to 
diffuse. 


refers to the number of 


The number of mesh points 
pace points at 
which the flux will be evaluated Che 
number of regions refers to the number 
of materials of homogeneous composi 
tion which constitute the reactor 

The validity of 


tions is best judged by 


multigroup calcula 
comparison of 
the calculated results with experimen 


tal observations on actual reactor 


com 


The number and scope of such 
parisons available so far are inadequate 


One may hope that future multigroup 


eal ulations will someda\ bits eu better 


experimental foundation 


Computing Machines 


Memory. The speed, reliability an 
cost of digital 


connected with the t 


computers are closel 
pe of memor 

At present, magnetic-core memories are 
reliable, and 


iif hy iis the 


used in the fastest, most 


most expensive machines 
IBM 704 and the 
LIOSA Cathode-ray 
ire cheaper and as fast but have not 
The 701, 1108 


Princeton-ty pe 


temington-Rand 


tule memorie 


ilways proved reliable 


ind) other computers 


memories, but 


built 


ill have electrostatic 
VIANTIA(C I] is now 


memors The oust 


only being 


with such a 
line type of 


NIVAC I and the SEAC 


This acoustic memory ha proved to be 


mercury-delay memory 


used on the | 
reliable and not too expensive, but 
vhere speed is concerned, it has the 
disadvantage of not having random 
vecess to the information being cireu 
lated as acoustic pulses in the delay 
0 reliable 
do not 


ine Magnetic drums are al 


ind relatively cheap, but they 
have the speed advantage of random 
Lccess 

The size and the speed of the memor 
ola caleu 


usually determine the scope 


lation. Ordinarily, in discussing the 


size of the memory, only the number of 
of the “fast 
Many 


iuxiliary, o7 


vords* Mmemor Is Ten 


tioned machines also have 


‘slow memories Con 


isting of magnetic drums tapes, oF 


disks store a few million 


The UNIVA( 


memory incl the 


whi h cun 
words of information 
1 has a 1,000-word 





TABLE 1 


Commercial Computers 


V achines Inatalled On orde 


Medium machines 
IBM 650 
Datatron 
UNIVAC File 
ELECOMS 
ALWAC 


Large machines 
UNIVAC I and Il 
UNIVAC Seientific 
1103 and LIOSA 
BIZM AC 

IBM 701 

IBM 702 

IBM 704 

IBM 705 





| 024- 
\Vagnetic- 
2.000- and 


Princeton-type machines have 
ind 2,048-word memories 
| OOO- 


The latest mag 


drum machines have 
1, 000-word memories 
netic-core machines, the 704 and 1L103A 
1,000 12,000-, and will 
have 32,000-word memories 
The speed of a 


Ss O00 


Speed. computer 


in be measured in various ways A 


common method is to give the 


time or fundamental machine cycle 


tire This time interval indicates the 
time it takes the central processing unit 
to transmit to or receive from the mem- 
Another 


e the time of a typical 


or i word of information 


method is to gi 
multiplication. Ina floating-point ma- 
chine, this time is approximately the 
same whether the multiplication Is Car- 
means of fixed 


ried out by point or 


floating point.f In a fixed-point ma- 
chine, a floating-point operation may 


take as much as twenty times as long 
as the corresponding fixed-point oper- 
Table 2 lists the 


operations pet 


ition number of 


second performed by 
arious digital machines 
Type. 


ilso be separated according to whether 


High speed computers can 
the ire one-of-a-kind machines or pro 
Until 1956 one-of-a 


Whirlwind I 
ORDVAC, 


duction models 
machines, such as 
MANIAC | 
ILIAC AVIDAC, SEAC, SWAC 
NORC, and the MARK I, IT, IIT and 


IV, plaved an important role in reactor 


kind 


ORACLE 


ileulations and indeed in all high- 


peed computing The trend 


| present 


trongly toward renting or buying 
one of the production models built by 
With the 
flood of machines being produced com- 
is unlikely that one- 


of-a-kind machines will again play a 


t computer manulacturer 


mercially now it 
major part 


rhe figures in Table | give the ap- 
machines de 


1957 


proximate number of 


livered and on order as of early 
Including one-of-a-kind machines, there 
700 


stalled and 1,500 on order, and about 


ire about medium machines in 


200 large machines installed and 250 on 


order 


Although any of the machines listed 


scoters uch as 
character or 40 binary 
1) O's and 1 


location and 1 


of char 

im-numert 
i equence ot 
cuplies one storage 
ib the computer a t unit 


i fixed-point machine, numbers it 


whine normall t be between 


fixed limits, such a land +1.Ina 
number com 


g-point machine ‘ 


consists of both an exponent and a 


i proper traction 
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technical calculations 


the 702 and 705 
ntended 

ise, the majority of 
iters and IBM 650's undoubtedly 
t be used for tee hnical comp iting 
ire machines will have faster and 
ind 


it leust vill 


emories 


cost more see 


more detail 


Staffing a Computer 
Phe 1Zé ol the 


ted with 


computing 
digital 
proportional to the 
Por 
iting groups associated with the 
| Datatron usually be- 
while groups 
704 and 1108 con- 


ween 12 and 60 people 


group 
computer 
to be 


the 


closel 


machine example 


contain 
; and 20 people 


ted with the 


debate is centered about 


the computing should be ear 


na ‘closed shop” or an “open 


In a closed shop, all the pro- 
ng or coding is carried out by a 


ip directly associated with a digital 


ter 


Problems are presented to 


up by the originator, and the 


returned to him 


n open shop, the originator of a 


does the coding himself or 


SOTO in his group who 


In the open shop, the person- 


ociated directly with the ma 


merely operate them, prepare 
nd mathematical routines and 
ict as consultants on the use 
iachine 

ippropriate compromise for 
ed in nuclear calculation 
the 


issists the engineer 


nvoly 

iwe shop,” ino which 
iting group 
entist in whatever fashion is de 


indalso carries on certain longer 


roblems and programs 
most technical professions to 
re exist i vrent shortage ol 


technical computing personnel 


ore than in most technical 


uding nuclear energy, the ex- 
n computing during the last 
An estimate 
has 


irs is astounding 


0.000 mathematicians been 


for computing 1958 
become as 


late 1960's 


range precictions 

150,000 by the 

1956 
the American 
the Mathemati- 
America, and the 
Industrial Applied 
ematics contains slightly less than 


as the combined 
ip wbset of 
matical Society 
ociation of 


( lor and 
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were 
for business applica- 


File 


in the immediate 


10,000 tiatne t becomes 


shockingly 


apparent that there will not be enough 


trained mathematicians to go around 


Even today the majority of com 


puting group neluding those con 


minke 
nachines because they 


obtain 


cerned with reactor calculations 


poor use of ther 
are unable t 


enough well 


trained personne It is not 
idual to 


amount equal to his 


uneom 


mon for an ind waste an 


monthly salary in 
a few hours of mac 
lack of technical 


the computer or 


hine time owing to 
knowledge of either 


the problem 


Computer Economics 


Use of a digital « omputer can now be 
obtained in four ways: purchase, rental 


rental with the option to purchase, and 


costs per year are between $100,000 and 
$300,000, 


and for large machine in 


stallations hetween $500,000 and 


$1,300,000 


Cost per Problem 


yiveth ttl 


the 


The cost of performing a 
clear calculation depends on bot! 
character of the problem and the kind 
the 


of machine used since yrentest 
effort has gone into multigroup calcula 
tions, the costs of making these kinds 


of calculations will be considered in 
some detail 

One method of estimating the cost of 
using «a high-speed digital computer to 
solve a multigroup problem is first to 
estimate the number of “equivalent 


multiplicative operations for the prob 





TABLE 2. Computer Costs 


Operations / se 


Floating 


Machine iced point 
Desk 
calculator 
650, Datat 
UNIVAS 
701, 11058 
IAS Ly pe 
704, LIOBSA 
709, X-301G 
LAR 
STRETCH 


point 


omputer coat 


Rental 
s 


mo 





on a machine 
Medium 
$2,000 to $12,000 per 
month, can be purchased for $40,000 to 
$300,000 and can be 
$40 to $200. Lara 


the hourly rental of time 


at a service bureau rit 


chines rent for 


used hourly for 
machines now rent 
for about $15,000 to $55,000 per month 
ean be purchased for $500,000 to $3 


000,000 
$150 to $750 


hourly rate of 


monthly 


ind’ have ifi 
Phe 


cost generally relers t 


rental 
ya one-shift oper 
ation, with each additional shift costing 
50% 

Besides the cost of the 


more 
machine itself 
ent a 


personne! cost repre major con 


tribution to the total cost of operating 
\ rough rule that 


applies fair! oO in 


a digital computer 
tallations rent 
shift 
the nnel costs 


ing machines on one basis is 
that 


equal to the mane 


should be 
For 
the 


hine costs mne- 


dium-machit nstaliations total 


lem and then multiply by the dollar 


cost per multiplicative operation \ 
rule of thumb for the number of equi 

alent multiplicative operations is to 
the 
ind divisions and multiply b 


ill other 


count number of multipleation 
two to 
iithmetical and 


(otiie 


account tor 


logical operation final column 


in Table 2 give representative 


Ihe 


formula can be u | toe 


costs per operation followimg 


word “titnats 


the number of operations for a multi 


group problem 


source iteration group 


mesh points operations per pout 


x (iterations per group ‘ 


perantion 


Before we give numerical ¢ a 


some general comment the use of 


this estimate are appropriat 


1. In one dimension, the number of 


regions and the operations needed tor 
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initially calculating the constant coeff 
cients in the differential equation 
increase the estimate by a factor of t 
In two and three dimensions, these 
tors are not significant 

2. The total number of 


ations is the product of the number o 


oures ter 


source iterations needs »converge t 


“a particular v, (the average number 


neutrons per fission required to 1 


tain criticality) and the number of 


t ilue (i. 


required to reach the corres 


2.5). Anadequately converged v, usu 


ally requires three to fifteen soures 


iterations, four being ver 


Commo! 


The number of con erged 1 requires 
is generally between three and six 

3. The number of group iteration 
dependent upon the number of mes! 
points for the two- and three-dimensior 


complex and is largel 


relationship | 


problems cpuite 
i funetion of the 
particular iterative technique used 

4, The final product of 


ource iter 





Digital Computers 
of the Future 

The two largest 
turers, Sperry-Rand and IBM, have each 
announced two new 


computer manuta 


large machine 
X301-G 


Automatic Research 


Sperry-Rand is working on the 
and the Livermore 
Computer (LARC), while IBM is work 
ing on the 709 and the STRETCH 

The X301-G and 709 will not operat 
significantly faster 
1103A and 704, but 
memories, 


than the present 
because of larger 
more versatile orders and 
advantageous 
ment, many 
computed in half the time now 

Ihe LARC is 
then the present 1103A and 


tor of about 15 It will read data from 


input and output equip 


problems will probably be 
required 
expected to be faster 
04 by ata 
its ferrite core memory at a rate of 
psec per word The 
the fast 
digit 


initial ipacity of 
memory will he 10.000 ten 
numbers This may be ubstan 
tially increased by adding 
fast memory units \ LARC is to 
delivered to Livermor 
additional LAR( ive on order 
later The 
price for the construction of the con 
puter is $2,895,000 

IBM's STRETCH 
to be about a factor of 


the LAR( It will also ha 
core-type fast 


uppiementar 


im earty 
while 


for a year or two ontract 


in turn, is expected 
10 faster tl 

1 magneti 
yvord 


memory \ data 


can be read from the memory within 


0.2 sec. The machine is being designed 
to accommodate a fast memory capa 


ity of up to a million word In addi 


tion, external memories (magnetic disc 
and magnetic iltimatel 
provide data in blocks up to a total capac 
ity of 100 million STRETCH 
is being built for Los Alamos and is to 


January, 1960 


tapes) may 


words 


be delivered about 


60 


itions and group iterations can ofte! 


be reduced (sometimes as much a 


it factor of 10) by ising mproved 
teration techniques 
The following 


numericnui example 


CHICU 


ire representative for eriticalit 


lation 


i) | 
Point 


Dimensional 3-Group 


3-Regions 
2) (20) (30) (50) (10) (4 K< 10° op 


b) 2-Dimensional 30-Group 1 OOO 


Vesh Points; 3-Regions 


20) (30) 01,000) (20) (50) 6 &* 10*% op 


‘ 3-Dimensional 10-Group 10.000 


Mesh Points; 3-Regions 


20)¢610) 010,000) (30) (100 


6 * 10% op 


The results of these three example 


ean be combined with the information 
in Table 2 to give the final costs for 
the various machines 

In one-dimensional calculations, a 
complete criticality calculation for 
imple problem (a) costs, for example 
thout $24 on the 704 and $144 on the 
the UNIVAC | hor 
converged yp 
on the 704 and $36 on the 650 or the 
UNIVAC., These 


firmed by the 


O50 of au single 


the amount is about $6 
figures are con 
time of the 
code on the UNIVAC and 
the 704 and the PROD II code on the 
650 


running 


I yvewush 


The « omputation of a converged 
vy, averages about 20 min for 30 groups 
on the UNIVA( 

} 


} groups on the 704 and about 40 min 


) 


about 2 min for 


vo16 groups on the 650 
In two-dimensional calculations, the 
cost for a full 


criticality calculation 


uch as sample problem 1 becomes 
ilmost exorbitant Kkven on the 
704 or LIOBA 
cost SO 000) 

Datatron the 


$30,000 \ 


such a problem would 


while on the 650 oF 


cost would iM OV 


single converged 4 


uurse, would reduce the costs 


ibout $1,200 and $6,000, respectivel 


Certainly in these problem one must 


ittempt to minimize the number of 


group mesh points, and iteration 


\ three-group problem is, for example 
xpensive on the 704 but | 


650 The 


not too e 
expensive on the running 


times Of a two-group code on. the 
ORACLE, the Mug II 
UNIVAC and the Curtis 


cout on the 70] 


cou on the 
Wright 
bear out these 


Osts 


Che lO group three-dimensional sam 


ple problem (c) is very expensive on 


present machines If only three groups 


ire used and a single converged vy, 1s 


ought, the 704 price is around $5,000 
Calculations other than multigroup 


also involve a large 


calculations can 


number of operations Problems con- 


cerned, for example, with burnup 


endurance, two- and three-dimensiona! 
kinetics, temperature distributions and 


approximations can all in- 


transport 
from 10° to 10 
At most 


frequently arise which are 


Olve operations 


computing centers, prob 


LC TIS one 


likely to occur 


experimental calculations 


hot’’ calculations, Le 
only once 


ind certain exploratory calculations 


often fall in this category. The ques 


tion often arises as to whether hand 


calculations or a small or medium 


computer should be used rather than a 
The answer is very 


large computer 


much a funetion of the problem but 


it is even more a function of the 


personnel and subroutines available 
Given the proper personnel and sub- 
small as 10 


plac ed on 


routines, calculations as 
operations can properly be 
large machines 

The time needed to prepare a code 


largely dependent upon the indi- 
vidual programmer and 
pendent of the type of 
volved. The 
eri that the 


rectl 


almost inde- 


machine in 


time to ‘‘debug 1.e@ 


code is cor- 


running 
is likewise strongly dependent 
upon the individual programmer and 


to «a much lesser extent, on the pur- 


ticular machine in use 


In summary, the cost of coding and 


debugging a given program ts almost 


independent of machine size, while 


the cost per mathematical operation is 
larger machines (see 


much smaller for 


Table 2 The size and the repetitive 


nature of most reactor calculations 


therefore indicate the use of the fastest 
( heapest per 


ailable 


vailable 


ind therefore generally 


probiem com 


puter \ 


Is desirable because ol the 


COMMON! i\ 
COMO i com 
puts I 
interchanging 


economic advantage of 


with other installations whicel 


ire working on similar problems 
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Control Analysis 
with a Digital 
Computer 


In the past, systems analysis of reactor control 
was reserved for real-time analog computers. 
Now digital computers threaten to take over 


part of this critical nuclear-design function 


By P. R. HILL and W. THAD LEE 


ear Division, The Glenn L. Martin ¢ ompany Baltimore Varyvland 





100 
Time(sec) 


FIG. 1. Comparison of digital computer and analog solutions of reactor control 
problem. Shown is the time behavior of the reactor power following a 0.002 


increase in reactivity 


Vol. 15, No. 5 - May, 1957 


THe ANALYsis of reactor control is pet 

haps one of the most complex of all the 
calculations made in designing a rea 

tor The aim of such a study is to 
predict the transient response of the 
reactor system to various hypothetical 
situations. The analysis therefore in 
volves the time-dependent interrela 
tionships of all the major components 
in the reactor plant Praditionally 
this type of problem is considered only 
for the analog computer. However, for 
our study of the control characteristics 
of the Martin Power Reactor (MPR 

we also coded the problem for a digital 
computer. We were then able to com 
pare the merits of the two techniques 
by making parallel studies on the 
analog and digital devices The re 
sults are shown in Fig. |, Our conelu 
sion is that the digital approach gives 
results that are as good as the analog 
results and that in addition it has cer 


tain advantages 


Analog vs Digital 


The fundamental advantage of the 
analog is that it simulates the problem 
by physically representing it in the 
form of an electrical system. Because 
of this, the engineer has a better physi 
eal feeling for the control system 
Changes of input conditions are easily 
tuken care of because normally they 
require only the resetting of a poten 
tiometer Also the analog computer is 
capable of ‘real-time’ solutions —the 
analog can run on the actual time 
scale of the physical situation being 
simulated 

The analog has its disadvantages as 
well as advantage For example, an 
extensive check-out procedure is re 
quired whenever new parametric values 
within the problem are investigated 
even though the patch boards may have 
been saved Also, extreme care must 
he taken to prevent output voltages 
from becoming so small that the nome 
of the system enters into the results 
This possibility arises in working with 
equations that have terms composed 
of large and small factor is in the 
problem under discussion The rela 
tive voltage levels representing the fac 
tors must be sealed in such a way that 
none of the voltages becomes so small 
that system noise introduces error 

Another difficulty lies in the choice 
of recorded variables and recording 
levels to prevent loss of detail For 
example, on certain runs the choice of 


j 


a particular contro! parameter caused 
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FIG. 2. 
computer calculation. 
fers to particular point in time. My, 
Mz, My and n, are numbers that specify 
(in order) (a) time interval for ramp vari 
ation of induced reactivity, (b) the time 
interval for ramp variation of reactor 
output load, (c) the number of changes 
in the incremental time step, Aft, and (d) 
the length of time for which a given 
Af, is used 


Logical flow chart for digital 
Subscript n re 


the control-drive mec! 
nate the direction of d 


Since only rod position 


this chattering was not detected on the 


analog run It was, however 


ately apparent in the IBM 704 digital 
output for the rod position A more 


careful choice of variable uch as rod 


speed in this cnse, would have show 
the effeet on the analog 


Because of these disad 


uncertainties, it was felt that a solution 
method 


obtained by an independent 


would be desirable This led to the 


ime prob em on 
he pr 


programming of the 
digital computer (IBM 704 
mary objectives were to (a 
feasibility of digital techniques in tl 


aren 
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immedi 


intages and 


check the 


analog solution and (b) investigate the 


Although the results are somewhat 
ncomplete at this time, it ilread 
evident that the digital approach offer 
important advantages in some respect 
lor example, the reinvestigation of 
articular problem at a future date 

olves a comparatively extensive set 
procedure for the analog compute 
Phe digital computer, ho 
only the preparation 


minched cards for Input 


The Problem 


The MPR control tem is of the 
ono! type-—control rods move onl 
vhen the actuating signal is above 
certain level The central analytics 
problem was to specify a control tem 
that would tolerate small variations i 
reactor power ind temperature v ithout 

iusing control-rod motion but would 
till be sensitive enough to satisfy oper 
itional requirements Phe analysis in 

olves a set of differential equations re 
lating the control system to the primary 
coolant loop and the neutronics of the 
reactor Differential equations of this 


ort can be readily solved by digital 
omputer techniques 

Che time behavior of the important 

ical variables of the reactor system 

deseribed analytically by the set of 
equations tabulated below 

Che equations used to represent the 
primary loop consist of eight represent 
ing the reactor kinetics, seven covering 
the heat transfer in the loop, two for 
transport of the coolant and two defin 
ing algebras equations 

Iiquation | is symbolic of each of the 


ix delayed-neutron equation hua 


tion 2 represents the rate of heat pro 
duction in the reactor core due to the 
change in reactivity as defined b 
equation 3 

I.quations 4 and 5 represent the heat 
transfer in the reactor core while k.qs. 9 
1} and 12 show the same thing in the 
heat exchanger equations 6 and 10 
ire the defining equations for the mean 
coolant temperature in the reactor core 
ind heat-exchanger tubes iquations 
7 and 13 are general mixing functions 
for the upper section ol the reactor and 
the outlet header of the heat exchanger 

.quations 8 and 14 introduce a con 
tant time delay between reactor outlet 
ind heat-exchanger inlet temperatures 
ind between heat-exchanger outlet and 


reactor inlet temperatures 


970 
aA 
+ J) “/ 

dt 
imulate the on-off control system 
the signal actuating the control-rod 
lrive is given by Eq. 15, where 970 is 
the desired mean temperature of the 


R and (dQ/dt)1,Q 


voltage to the period 


reactor core in 
represents the 
meter 

When the absolute value of the signa! 
reaches a predetermined level, it actu 
ites the control-rod drive, which oper 
its intil the absolute value of the sig 
nal decreases to the desired level. The 
start and stop levels can be set sepa 
rately so optimum operation of the dead 


zone can be determined 
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Digital Solution 

\\ i set of differential equations 
be solved on a digital computer, 
the IBM 704. one of the 


ipproaches to the 


most 
problem 
wement of the differ 

iset of finite differ 
These finite difference 
ms then relate the values of the 


the rep 
puations b> 
lations 
discreet 


iniables at some 


to the ilucs at some set 
Is times The method of 
then to 


time by) 


step the solutions 
starting from a known 
tial conditions 

equations of basic importance in 
ition of this problem are Eqs. 1 
or iq. 2, the most convenient 
ce representation is one involy 

rst derivatives Previous 
preliminary study of 


the IBM 701 led to 
the 


mplest form for 


thy reactor powel 


yin the caleulation trun 


nd round-off intro 
These 


tep to st p 


errors are 
errors are propagated 
ind their growth may 
them to dominate the solutions 
equations. This numerical in- 
ty of the difference equations is a 
obstacle ina problem of this type 


igh an analy 


sis of the numeri- 

ty characteristics of this ap 
ition is possible, it is extremely 
ilt to obtain estimates that are not 
itive.* However 
alculations onan IBM 701 


ome practical experi 


‘ conser 
iry ¢ 
its ypuve 
indling a similar set of equa 

| indicated that the computa 

ie would not be excessive 


preliminary investigations also 
ted the desirability of being able 
nge the incremental time step, 
rious stages of the calculation 
the case of a step input of reac- 
l-msec time step is used for 
few hundred milliseconds 
then changed to 10 msec 
liminary investigation also 
ted some difficulty with the pre 
hq. | 


numeri al 


equations An unfortu- 


oie ot approxima- 
affected the 


tem of equations 


the quantity « 
of the 


troduction to Nu 


lebrand, “Ir 
i p. 222 (McGraw-Hill 


Ir New York 
15, No. 5 - May, 1957 


1056 


iethod was used on the 
this 


olution of the pore 


The following 
704 
problem Ihe 


computer n order to avoid 


cursor equation can be written 


The difference « obtained sim 


ply by calculating the 


quation is 


quantity 


and approximating the integral by the 


trapezoidal rule 


The remaining treated 


like the 


where iteration would be 


equations are 


precursor equations except 
required tI 
which case the treatment is the 
Eq. 2. The 


tions are | 


as for time-delay equa 


imply by retaining 


midied 


values of the iniables and 


nec il 
ilue it the proper 
ssible so that 


picking out thi 


time Interpo 


the choice of in com 


pletely arbitrar 
Once thi 


( hee b 


coded 
stability 


problem Was 


out and investigation of ind 
truncation error proceeded more or less 
Although 


hould be investigated 


simultaneous! each new 
type of problem 
separately, the general approach is to 
small time step during any 


then to 


use a very 


sharp transients and increase 
the time steps during the periods when 
the transients are not sharp 

the logical flow dia 
Many of 
been left out in the in 


the 


Figure 2 show 
gram for the 704 calculation 
the details have 
terest of simplicit Nevertheless 
order of calculation and the essential 
features of the 
Many of the 


program are given 


boxe hown represent 
irithmetic 


the 


logical or 
For ey 


tion of control-rod position control-rod 


complex oper 


ations imple, in calcula- 
speed and position must be computed 
1 complicated function 


control of the 


according to 
of time, subject to the 
actuating signal / 


The machine program is capable of 


handling a wide iniety of problems 


There are provisions for both step and 


ramp changes of reactivity and load 


All constants 


were utilized a 


conditions 
nput data so that the 


ind initial 
initial operating state that existed when 
the started 
lated 


transient could be 


f the dependent varia 


bles have been recorded, and they may 


be printed out at every tep, or an 


irbitrary number of steps may be 


passed over between recorded values 


Analog Solution 
The analog problem was handled by 


four Reeves 100) eres machines 


consisting of 103 operational ampli 


fiers, two electronic multiphers, one 


polar-to-rectangular-resolution — re 
100 


recorders 


solver, attenuators, 2 six-channel 


and associated equipment 


(‘ontrol-rod drive was simulated by 
acceler 


the 


three relays that switched the 
and off a 
The time 


handled by building upa block of equip 


ations on required by 


control signal delays were 


ment whose transfer function was ap 


F(t) 


the output was 


/ 


proximately ¢ Therefore, if 
was fed into the block 
ipproximately F(t — d The simula 
tion of the time delays themselves com 
pletely utilized one of the ‘400 
The the 
identical to that of the 704 


SeTIOS 


machines logic of analog 
problem is 


Results 


The results of these stucies were used 


to pick the most desirable control-rod 
speed and to determine other parame 
ters not previously set by design Us 
ing values for control-rod speed and 
other parameters thus determined, the 
Martin Reactor 


good stability lor 


Power showed very 
ill cases of step and 
ramp change in reactivity and step 
changes in the power requirements of 
the secondary system he time vari 
ation of the power, Q, is shown in Fig, | 
results of 


as a sample of the a step in 


reactivity as determined by analog and 


by digital computers rhe agreement 
is probably better than the accuracy of 
the equations themsel ve 

It is feasible to solve the 
control problem with either t 
The 
is to emplo 

of this kind 


check on the set-up of each of the com 


therefore 
jue oteom 
desirable strategy, 


puter theost 


however both computers 
in a study This gives a 
puters. In addition each machine can 
then be used in the phase of the study 
for which it is best suited The analog 
computer, because of its flexibility, can 
early 
the 


corres 


conveniently for 
I hye n 
completion of the analog run 


be used most 


exploratory analysi« after 


tions and refinements can easily be 


made with the digital program and the 
short 


solution rechecked in a relativels 


time 
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Monte Carlo Solves 
Reactor Problems 


The Monte Carlo method handles neutron-transport 
problems by tracing simulated neutron histories. 
Faster computing machines and programing ingenuity 


will encourage future use in nuclear calculations 


By MALVIN H. KALOS and HERBERT S. WILF 


Nuclear Developme nid orporation of America, White Plains, N.Y 


FIG. 1. Needle problem introduced by Buffon (1707-1788) was first Monte 
Carlo calculation. Needle is thrown at random on surface marked with parallel 
lines spaced two needle-lengths apart. Total throws divided by times needle 
hits lines approaches 7 as number of trials is increased 


64 


Tue Monre Caro method is a tech- 
nique for solving physical and mathe- 
matical problems by using random 
sampling of an analog nature. Al- 
though the method can be used for 
many kinds of calculations, including 
some that have no apparent relation to 
statistics (See Fig. 1), the most exten- 
sive and successful applications have 
been to physical problems that are 
inherently statistical. 

In particular the Monte Carlo ap- 
proach provides straightforward solu 
tions to many difficult problems In reac- 
tor physics Monte Carlo programs 
for digital computers are being used 
now to solve problems of shielding 
neutron slowing down and resonance 
escape and may eventually be used for 
complete reactivity calculations. 

The problem of neutron or radiation 
transport is basically concerned with 
random events—the most that can be 
stated about the interactions of neu- 
trons with matter is the probabilities 
per unit length (i.e., the macroscopic 
cross sections) for various kinds of 
events—-scattering, absorption, fission, 
et In many of these events the out- 
come (e.g., the possible directions of 
neutron scattering, and energies of fis- 
sion neutrons) can be specified only in 
terms of probability distributions 

In a Monte Carlo calculation of neu- 
tron transport, these stochastic proc- 
esses are simulated, by hand or on an 
automatic computer, by following “ his- 
tories,” i.e., trajectories, that have the 
same alternatives, with (usually) the 
same probabilities as real neutrons, 
Random numbers are used to decide 
whether a “neutron” is absorbed, and 
a history terminated, or scattered and 
a new direction and energy chosen in 
accord with the seattering law and 
collision mechanics 

If an automatic « omputer is used the 
random numbers can be either fed into 
the machine as input or generated 
within the machine itself by an auxiliary 
program. The most usual set is a 
sequence of numbers, R, which lie any- 
where in the range 0 to 1 with equal 
probability. Such a sequence of ran- 
dom digits can be obtained from tables 
like that compiled by the Rand 
Corporation (1) 

The selection of one or more random 
digits then determines the outcome of 
each neutron event For instance, the 
distance between collisions (measured 
in units of the mean free path) has the 
probability distribution e-*. If & is 
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ted random number, then the 


to the next collision ts given by 

R Similarly, to choose the 
fascattering angle in an iso- 
ittering event, put w 2k | 
iV it is possible to simulate 


nsofar as the nuclear cross 


ire known) the behavior of a 
na chain-reacting assembly 
ng enough histories, it is 
determine the average be- 
neutrons—-to count the num- 
ions, Of parasitic absorptions 


ng neutrons, and so on 


onte Carlo result, however, is 


orrect onl when an infinite 
ndependent estimates of a 


Any 


i finite num 


e been obtained 
es trom 
t statistical dispersion 
this 
number ‘of 


In general error de- 


pon the inde 
histories calculated, decreasing 

large as .\ The statisti- 
therefore 


can always be re 


using more computing time 


In addi 
that can be obtained 


more histories 
Tac 
smount of computing time 
be increased by 
or 
shall see lor a 


to follow all 


using appro 
ort cuts instance, it ts 
ar is We 
ilo calculation 
ible fluctuations available to 
generally when it is possible 
alue of some 


uverage vari 


rather than to choose at random 


ilternative values, the accuracy 


en effort increases 
The Monte ¢ 


ethod can simulate, at least in princi- 


for a gi' 
Advantages. irlo 
neutron interactions that are 
\lonte 
lure is equivalent to obtaining an 


lution of the 


illy understood Carlo 
sJoltzmann trans 
therefore 


] lation 


not 


phy sit al 


vecessible to the usual 


ipproximations present no 


problems For instance 


irlo can treat regions of space 
1Ons small compared with a 


mean free path-—a situation 


liffusion theory can not be used 


irving nuclear cross sections 


tated in the form 
the true answer can 
n the experimental 
certain fraction of 

the result of a 
riment might he 
70 confidence 
experiment 


then the fr 


were 
wtion of 


iy between 22 and 
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and anisotropic neutron scattering can 
also be dealt vit! 


Monte 


closely 


that 


usually 


In addition, the fact 
Carlo calculations 
analogous to physical 
that the 


often a simple ext 


processes Meus 


setting up of calculations is 
nsion of understand 

The 
\onte 


com 


ing of the pl cs ol a situation 


programing coding | 
Carlo methods for an automatic 
puter can theref re ix impler than the 
corresponding vork in diffusion « 
anal 


the 


histories 


transport theor he physical 


ogy can work the other way. too 


detailed obser of the 


can help the d opment of approxi 
mations and p! pictures which can 


advance a more analytical approach 


Applications The particular ad 
\Ionte ¢ 
ploited in a number of « 


lating to the 


vantages ol irlo have been ex 
ilculations re 
wn or understanding of 


For 
ind W oocdleor k , 


portions etor example 


Mavne ere 


nique. Fora fixed neutron source, we 
can follow a group of histories to their 
conclusions and count the 
These 

then be used to generate a 
so that 
pattern may be ¢ 


Monte ( 


make complete reactivity calculations 


number ol 


fissions produced fissions can 


new source 


iteration to a final powel 


irmed out 


So far irlo programs that 


are not available to the reactor designer 


as practical tools Several groups 


however, are actively working toward 
instance 


\lonte 


might 


this goal, and Leshan (4 lor 


has coded i general Pury pone 


Carlo program for the 704 that 


be used for this task 


kor 


studies in general the problem of getting 


Disadvantages. Monte Carlo 


enough accuracy (or of wetting enough 


time on an automatic computer to 
drawback 


CTIOURN Ts 


ichieve it) is often a seriou 


Chis becomes more and more 
the required information about the sys 
more and detailed 


tem becomes more 
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FIG, 2 


Logical problems in Monte Carlo neutron-transport calculation 


Left: Given 


total distance and direction of next event with respect to last event, automatic 


computer must identify region containing new event 


Right: Computer must recog 


nize whether bounding surfaces are real (solid circle) or fictitious (dotted circle) 


have used random sampling of the slow 


ing down of neutrons in an infinite 


medium to calcu multigroup con 
analytical 
ind Os 


Carlo to 


iter in an 
Bate 
\lonte 


f thermal motion 


stants for 
treatment ( 
borne 

investigate tl 


of moderator bsorbing atoms 


upon the thermal and epithermal neu 


tron flux spectra in infinite medium 


tichtm el ind Sampson / have 


computed resonnnceet ipture proba 


bilities in water nd gr iphite moder 


ated lattice It tichtmyer work 
absorption 


treated 


resonance ecauttering ind 


and Dopple broadening are 
Althoug! f 


quite complicates i ure 


ilculations are all 
each con 
cerned witl i portion of the reas 
tor problem n principle it is possible 
to do eriticality 


the eom reactor 


calculation b Monte Carlo tech 


If the caleulation is ¢ pected to yi ld 


concerning the neutron 


both 


information 
function of ind 


difficult to 


flux is it pace 


energy, it become iwhieve 


tatistical relialnlit nm a rensonall 
riae bine | ven 


whine hy the 


time on present-da 
vithout thi lor a tem in 


neutron is expected to make many 


collisions before it is absorbed 
the 
Hut this is 
where diffusion theort ire 
ible Phus statistics 
cal methods can often complement each 
other \ auple of this is the 


Monte ¢ arlo calculation of 1 


calculation ma bo ry 


wetly the 


Cup 
low ituation 
rel 


tatisti 


most 


md non 


good ‘ 
itigroup 


itmove 


constants mentioned 


Generally speaking, analytical or non 


tatistical numerical method where 


wlequate, tend to tn economical 


than Monte ( 


Hhieoere 


irlo method exception 


may oceur when a problem require i 
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qui“ k «andl clort er ancl othe 
il of the stat 
At the n 


lonte (Carlo 


direct and intuitive appe 
tical method is usefu 

the 
limited to the reactor d 


iment 
therefore use of 
plenty of machine t 

to investigate phi ( or geome 


tries too complicated lor the tandard 


analytical method We 
that in the future Monte ¢ 


might « Kper 
irlo applic i 
tions will become much more 


Common 


as experience | equired and com 


puting machines become faster 
A Monte Carlo Code 


The best way 


is involved in the lonte Carlo 


to vet a feeling for what 
tec! 
inticular cales 


1 rhap 


liatiol 


nique is to con ler i 
lation in deta 


ultimate in Monte Carlo « 


some 

an automatic-computer 

will caleulate the react 

tor We will therefore deseri| 

the 

complete Monte Carlo re 
A \lonte ¢ 


carried out by 


length ignificant feature 
wet t CoOce 
irlo re wtor caiculation | 


follow rit i number 


ifye 
of hypothetir al neutrons from birth te 
death 


each point by probabili distribution 


whose behavior j yoverned at 

derived from ph en 

the 

called a “histor 
A particle history begins by a 


neutron, equence 


iwning 


to the neutron an energy from the fi 
sion spectrum mvdacdirection of motion 

The distance (measured in mean free 
paths) to the next event is selected 
from an exponential distribution If 
itor, the 


this is outside the re particle 


has escaped; otherwise we choose a 
If this is an ab 


the particle is finished an 


collision type orptior 
choose a 
POWOW 


new neutron and 


scattering collision, we 
energy and direction and 
We continue to 
neutron until it i 
This 


source particles 


next event 
ibeorbed or ¢ 

for all of the 
Neutron 


fissions of these source parti le 


is done origin 
created b 
hecome 
the source for the next generation, and 
sooon 


In the following paragraphs we shall 


discuss in somewhat greater detail eac! 
of these parts of the code 


Birth. 


one must specify six coordinate 


To give birth to 

three 

of position, two of direction of travel 
Win wae 

it random in the fuel 


After a complet 


and an energy tion may be 
selected, initially 
region of the reactor 


generation, however, neutrons of the 
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one finds the intersections of 


next will 


thei 


generation 
poim#t vhere 
mide fissions 

Phe direction of tra 
it random from a di 
otropie in space 


lenote the ctrrection 


elocit ector ve mit 


in¢ 


Prob 
Prob 


In the absence of externa! 


vhere ~ dg 


ind cos GO! dicos 6 deco 


ources 
energy is chosen at random from 
hssion spectrum 


Flight path. 
free paths to be traveled b 


The number of 


the 


mean 
neu 
tron 


Prob 


must come tribution 


vhere X 


from the «i 
Y{dX e* dX 
number of mean free path 
One wa 
tuke A 
imber \ 
efficient 


of choosing such an XY is to 
In R i random 
method that can be 


where FR 
nore 
ind is certainly more elegant 
Is given in rel (6), 


The 


geometry part of the coc 


lunction 


Geometry. 


the following problem 


Craven a neutron at a point in space 


tra and 


travel 


known direction 


fact that it will 


eling in a 
viven also the 
exactly 
© What 
pass through? 
© What 
egment in each region? 
@ What will its 
end of the path? 
ein 


Y mean free paths, then 


regions of the reactor will it 


will be the length of the path 


coordinats i it thie 


What region will it be at the end 
of the path? 

These are all questions of no conceptual 
lifhieulty Howevet the 


method used to automatize their solu 


whatever 


tion on a computer may result in tre 


time savings or losses 
The 
the heart of the 
and the 
should be dey 


portion of the code 


mendous 


history 


per 
geometrical part is 
\lonte Carlo 


greatest care 


therefore 
and 


this 


program, 
ingenuity oted to 


Figure 2 shows the ty pical situation 


rhe neutron is born in region 1, moves 
and finally 


We have 


through regions 15, 12, 1s 


makes a collision in region 8 


bas 


where the yw’s are macroscopic total 


ross sections at the neutron energy in 
if h rewion 
In the calculation of s,, for example 


the neu 


tron trajector vith each of the geo 


metrical surfaces bounding region | 


One then calculates the distance from 
the starting point to eae h point of inter- 
section (see below 


ects “irrelevant 


ntersections and those corresponding 
to the eling in the wrong 


the 


neutron tra 


lirection, and takes minimum of 


s| his 
12,13 


It is useful to 


tl remaining distance as 8 


DrOcess Is regions 15 


% until X 


tubulate lor euch 


repeated in 
is exhau ted 
bounding surface 
the regions that lie on each side of it 0 
that region 15 


T he 


region 


tl one can find easily 


is crossed into from region | 


the 
s of the intersection 


ilternative of identifying 


ym the coordinate 
too horrible to contemplate 
Figure 2 shows a spherical header on 
lindrical region. One might easil 


make the error of calculating the dis 


tance d, as the nearest intersection with 


t bounding surface if one just has the 
Clear! 
correspond 
Input 
lata to the code must therefore ineluce 


equation of the apl rical cap 


dy is the one desired d 


to an trrelevant intersection 
the information that 


the 


the hemisphere 
the 


g below upper plane of 


nder is not a physical surface and 


that intersection th it are to be 
disregarded 
Concerning the 


the 


yeometric specifica 


tion of urface elements, a useful 
general prescription, due to 
, is to prese ribe the constant 


ayo Of the quadric surface 


This 


choosing the 


form allows great freedom i 


shapes of bounding sur 


faces, but may result in many unneces 


al operations if, for example, onl 
linders whose axes 


in the 


are parallel occur 


reactor In the latter case, one 


he ight 


center for each 


would prescribe only the radius 
ind coordinates of the 
uch cylinder 
Sturm’s theorem for the isolation 
of the roots of a polynomial equation 
i useful device for rejecting a surface 
vhich i i.e., further than 


too lar away 


relevant intersection so tar 


The application of this test 


the nearest 
mound 
in avoid many square-root operations 
Neutron event. At the end of the 
path of flight 
absorbed or slow down elas- 


The fate of a 


the neutron can cause a 

fission, be 
lly or inelasticall 
neutron is decided as follows 

Let R be a random number between 


If k ba/ Me the par 
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zero and unity 





as been absorbed. If not. but 


Ma + My) / me the particle has made 


Failing this, if 


» - Mba T My T Mis 
R « 

Me 
seatter has occurred 


ist 
rwise the neutron has been elas- 
scattered. To determine by 
element it has been scattered let 
ote the scattering cross section of 


element of the region at the 


and fet wy, Pt 
— 


ez (and therefore the element 


energy, 


je for the elastic collision) 


condition 


\ ej Sh’ . ce 


Lad ue Lod 


j 


I?’ is 
ving the atomic number of the 
ind the 


i new random number 


scattering angle 


rst sotropically (for example), one 


then deduce the new energy from 


vle-energy correlation law 
ise of an inelastic collision the 


must be obtained from 


energy 
ited distributions 
has occurred 


fact 


ibsorption 
that 
xt parti le 


one 
records and goes to 
ise of a fission one might expect 

i game of chance resulting in 
reation of an average of 2.5 new 
es for the next generation. We 
that a 


as an absorption and 


gest. however fission be 
ted precisely 
it new particles be created at each 
ion by the following method 
t vyy/ Me I + X, where / is an 
ge and 0 ~ X . ] 
ge number of particles produced 
s10n Then at 
ice J particles and choose a ran- 
imberR. IfR s X, thencreate 
ditional particle 
out the 


and vy is the 


each collision 


This procedure 
fission source over 
more rapidly than simply pro 
two or three particles at each 
ind thus reduces the number of 
required to determine the 
tial distribution of the fissions. 
The 


many 


Estimating / 
timated in 


reactivity may 


ways, some ol 
ire as follows 
Che ratio of the number of parti- 
generation n + 1 to the number 
rticles in generation n 

rhe ratio after many generations 
» to the number of parent neutrons 


( ‘ 


itron going into fission 
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¢) Same as (b) but using statistical 


estimates of the number of neutrons 


going into fission Such an estimate 
may be made at each collision simply 
by accumulating the ratio of fission to 
total cross sections in the region at the 
collision energ 


Of the three 


most accurate result for 


methods (c) gives the 
a given nul 


ber of histories 


Refinements 


In some situations the calculation 
can be simplified or speeded up by using 
that do not 


correspond to the actual physical train 


Monte Carlo procedures 


Such ce 


ol events 
ity, of 
they give the correct results 

The useful kind 
direct Monte ¢ 
the kind of problem being done 


viations from real- 
course, are justified provided 
of changes from a 
irlo analog depend upon 
A good example of a situation where 
these techniques are very helpful occurs 
in calculating the penetration of neu 
through thick 


of the re- 


trons or gamma ra 
shields Since the 
sults 


emergent 


recuracy 


depends upon the number of 


attention must be 
that are most likely 


final 


particle 
focused on particle 
to achieve thi success, For 
example, if a slab shield is six mean free 
paths thick, then about 0.0025 of the 
source particle mak 


lo get an estimate of 


urvive without 
ing collisions 
the penetration accurate to about 10% 
we need about 100 emerging parti les 
In a straightforward Monte Carlo cal 
culation about 40,000 histories would 
then be necessar 

Since a significant amount of machine 
time would be required to generate this 
many histories, techniques are used to 
the calculating efficiency 
implest of these tech 


that is 


improve 
One of the 
niques is & device usually 


known as ‘splitting The slab is par 
titioned into a number of regions by a 
the slab 


a weight wu 


set of planes parallel with 


Kach neutron is assigned 
that multiplies the neutron’s contribu 
tion to the final 
neutron’s history it 


When 


direction of 


result During the 
weight is changed 
as follows i neutron traveling 


in the escape Crosses & 


dividing plane, it is split into two neu- 
weight one-half of 


When a 


ine traveling in the 


trons each with a 
that of the original neutron 
neutron crosses a pl 
opposite direction, its weight is doubled 
The neutron is then forced to play a 
Roulette” that al 


game of Ru in 


lows ita 50% chance of survival, With 
this arrangement most of the time is 
spent following the particles that 
likely The use of 
tron weights removes 
tally 


tive method of improving the efficiency 


will 


most escape neu 


bias in the final 
Splitting can thus be an effec 
of a shielding calculation (4 

In general, techniques to improve 
efficiency involve either a modification 
of the probability distributions used to 
the Inte 


statistical 


determine neutrons 


ar " 

change in estimation 

the scoring procedure 
Probability modification. 


that at a certain step ina Monte Carlo 


Suppose 
history a particular event (e.g., fission 
or elastic scattering into a specific angu 
lar range) has probability p. [tis pos 
under the 


sible to generate the history 


assumption that the event has a proba 
issociate with 


initially set 


provided we 


bility p’ 
this 


historv a weight w 


FIG. 3. NDA Monte Carlo program 
calculates fraction of incident neutrons 
that reach sample region 


equal to 1) which is multiplied by the 
p p’ after this 


score derived from this history must be 


ratio event very 
weighted with the current value of u 


For example, if at a collision the ex 
estimated 
then thir 
the weight w of 


It can 


pected number of fissions | 
as described above as py/ uy 
is to be multiplied by 
the history before the collision 
that 
of altered probability distributions for 


be shown (8, &%) “a proper choice 
each step can often increase greatly the 
efficiency of a caleulation 

When the change in the probabilit 
distribution serves to focus attention on 
certain kinds of histories the method i 
called “importance sampling 

A useful application of the device of 
choosing from a wrong probability dis 
tribution is the suppression of absorp 
At a collision 


and absorption can occur 


tions where scattering 
vith the 
probability of the former being w,/ py 
the history always proceeds via scatter 
history is re 


In this case 


ing and the weight of the 
duced by the factor w,/ py 


histories are terminated o1 vhen par 
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ticles leak It ma 
terminate a histor 
becomes very st 
calculation, a game 
played at each co 
to determine whether: 
are born The e neutrons must thet 
assigned their parent 

Another 


portant, application 


and perha 
of small changes in the propertic 
sVetem when eter 
sriefly, the devices 


histories 


qotive 
ieulats 
using one i] 
a different 
these histori 


ter kor 
rameter 


the wrong distributio 





Summary of Sample Problem Results 


Coaine of 
incidence Particle 
angle farting’ 
() U4s 2 
O Bho wi) 
0 704 An) 
0 540 HOO 
) QOS wn) 


TOTALS 2,725 


* The particle 
neutron spectrun 


limit of 40 es 





if we attach the proper weights to the 


more et ol 


We can now get two (or 


scores Which corre pond to different 


values of the parameter Since the 


same statistical fluctuations appear in 


all, the differences in the answers are 


much more reliable than if the had 


been computed independent! Phe 


whole set of answers will generally take 
less time, too 

As an example suppose 
estimate the effect of changin 
centration of one element in 
which each material is capal onl 
ibsaorbing neutron 


scattering and 


The change is reflected in the total 


cross section and in different Litse 


for the probabilities for each kind 


interaction Suppose the histori r 
venerated for the original values of the 
My et | vo ot ot 
Now the 


probability that a collision occurs at a 


parameters 
weights are kept: wv 
distance between ind + da (witl 


the entire path in one region 
Thus for 


is multiplied by the 


ed ( pays) i collision in tl 


region We factor 


Me . uy! exp M by ind 


is unchanged If the 
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eolsion occur 


in another region and is the lengtl 

of path through the altered region 
multiplied simply by exp Me 

iv At a collision 


which absorptions are sup 


in the changed 
region (in 
reduced | 

When 


made in element i, u 


as above u 
u by M Ma 
ittering is 


inchanged, u multiple ib 


It is important that the comparisor 
does not introduce new alternatives 
Statistical estimation. Ly statist 


il estimation we mean any change in 
coring for 
longer merely count the number occur 
ring in a history The use of u;/m at 
each collision as an estimate of fissions 
is described above, is an example of 
tatistical estimation 

A more sophisticated kind is ofter 
ised in penetration problem hollow 
ifter a new direction 


deter 


ing each collision 
has been chosen, but before we 
mine the position of the next collision 
we can estimate analytically the prob 
ability that the particle coming out of 
the collision will emerge from the shield 
this is juste *, where X is the number 
of mean free paths to the outside meas 
ured along the path In this way 
each particle contributes to the esti 
escapes In simple 


mate ol ome 


geometries (e.g., point detector) it is 


desirable or possible to estimate the 
expected contribution before a particu 
lar direction is chosen for the new path 

lhere is another, very simple kind 
of statistical estimation that costs al 
most no additional time. The sum of 
ill the track lengths for particles in 


i given region divided by the volume 


of the region and the number of parti 


cles is an estimate of particle fluy 
Hence ws and ws can be used as esti 
mates of the expected number of fis 
ions and absorptions in a region Ihe 
um of such quantities taken over all 
yield a reliable 


estimate of k than the numbers of fi 


histories should more 


ions and absorptions counted up in the 


histories 


Sample Transmission Problem 


A Monte Carlo program coded for 
the NDA Datatron computer was used 
to calculate the energy spectrum of 
neutrons incident on a sample enclosed 
n a small spherical shield which, in 
turn, is imbedded in the moderator of 


i graphite-moderated reactor (see Fig 


some event so that we no 


The code solves the problem ol 


neutron transport in several concentri 
yherical regions of different composi- 

tions where the neutrons come from a 
tributed source 


Inelastic scattering, anisotropic scat- 


tering and splitting are all included u 


the problem The code prints as out 


it the neutron flux (calculated from 


rack length in prescribed spherical 


net and the inward and outward 


wross the surfaces of these 


Neus, CACT 


irrent 


in prescribed energy ranges 


Diffusion theor was inapplicable 


for two reasons: first, the incident 
neutron enerye' pectrum Wis 


ite] 1 // 


orber with a 


ipproxi- 
ind the shield was a strong 
trongly energyv-de 
endent absorption cross section: se¢ 
ond, some neutrons might make multi 
je traversals of the graphite-shield 


interface The calculations later 
howed the latter was unimportant 

In addition to the geometric specifi 
cations and compositions the angular 


listribution and energy spectrum of 

the incident neutrons were input data 
rhe results of the calculation are 

immarized in the table 

Che Datatron running time for the 

ibout 90 min 


problem was or approx) 


mately 6 sec per history Of the origi- 
2,750 particles, 25.6% ultimately 
reached the sample At 70% 


confidence, then, the true percentage ol 


about 


neident particles reaching the sumple 
vas between 24.7% and 26.6% 
* o * 
indebted to Dra 


Shapiro for 


u ile s 
V atheu V 


igqgeationsa 
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Where Digital Computers Are Used in the Nuclear Field 


Computer Outside Future 
f owned or machines acquisition 
ution rented used plan 
ACK Industrie O50 650 or 704 
Aerojet-CGenera 704 
Alco Products 650 650 
\ ( ilmers 650 704 
Amer Ma Datatron 
W 205 
I 
Amé Stand 650, 704 Datatror 
ur LIOSA 
14 ( k & Datatron Bigger 


( tion 2 650" UNIVAC, 704 


engineering 704 
Cur Wright 704 704 TOU 
David ‘J lor UNIVAC UNIVAC LAK 
Model Basin NORC 
Gene Atom 650 704 704 
{ 650 704 704 













sO4 


702, 650 





Kk er kingineer 650 
Livermore 2 650's LAR 
Laborator UNIVACI 
2 70A's 
M UNIVAC 704 704, 70% 


H50 
§ T0A's 
» I i! Maniac | 

& Il 
704 


NACA , 650's, 3 Iuxten 








H04's, L108 of O50 
Ne UNIVAC I tarely 
NDA Datatron UNIVAC 


ORACLI Yes 








ORACLI 


avannah River 650 UNIVAC O50 
Lal DuPont 704 


Westinghouse 650, 704 kixtensior 
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A Nucleonics Survey: Digital Computer Use 
in the Nuclear Field 


To pocUMENT the extent of use of digital computers in 
nuclear engineering NUCLEONICS surveyed the principal 
atomic-energy establishments in the United States Ihe 
results of the survey, tabulated here, show that over 35 
medium and large-scale computers are being used for 
nuclear calculations. In addition more than 20 more will 
be acquired in the next few years to satisfy the growing 
demand for computer time Foremost among the ma 
chines ordered for the future are two that represent the 
ultimate in the present state of the computer art 

STRETCH being built by IBM for Los Alamos and 
LARC, which Remington Rand is constructing for Liver 
more Laboratory and which is already being eyed by 
other nuclear groups (See p. 59 for more on these new 


computers, ) 






















FIG. 1. IBM 704 electronic data-processing machine uses 
magnetic cores for internal high-speed storage backed up by 
magnetic drums. Typical speed is 40,000 instructions sec 























FIG. 2. Remington Rand Univac computer showing central unit 
in background, supervisory panel in foreground and control 
printer at right behind operator 
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Introduction to 
Analog Computers 


Simplicity and speed of analog machines 
make them better than digitals for problems 


with few variables and < 0.01% accuracy 


FIG. 1. Potentiometers are 
used as attenuators and 
represented by numbered 
circles 











FIG. 2. High-gain d-c am- 
plifier is basic building 
block of computing circuits 





FIG. 3. With feedback, am- 
plifier becomes multiplier 
(shown) or integrator 





FIG. 4. Parallel inputs per 
mit adding several signals 


inputs 





~_. initial condition FIG. 5. Symbols for summer 
integrator and for integrator 


} COMPUTEK™ Is a device that 

f to represent physical 
variables. Circuits of the system add 
subtract, multiply, and integrate these 
voltages to solve equations that repre- 
sent physical problems. Two types of 
information must be presented to the 
machine. The first is the equations 
that describe the problem. Second is 


the set of numerical 


ilues Of constants 
ind parameters 

Many people ask, ‘‘ Which is better 
i digital computer or an analog ma- 


, 


chine‘ The choice depends on the 
problem to be solved. Where part 
per-million accuracy is required or 
where the number of inputs is large 

1,000), a digital computer is neces 
sary On the other hand an analog 
machine offers advantages of speed 
since It performs all of its operations si- 


multaneously rather than in sequence 


Mode of Operation 


The basic components of an analog 
computer are attenuators and opera 
tional amplifiers. Attenuators provide 
the sealing factors that are required, 
ind operational amplifiers of various 
sorts perform the arithmetic functions 
of addition, subtraction, ete 

Circuits for attenuators are shown in 
Fig. | A three-position switch allows 
the operator to connect one end of the 
potentiometer to one of the machine’s 
standard potentials (typically +100 or 

100 volts) or to a point in a patch 
panel to which a signal voltage can be 
connected, The output is taken from 
the center tap. The remaining point 
s either grounded or left free for other 
connections depending on the purpose 
to be served 

The typical operational amplifier 
represented as in Fig. 2, is a high-gain 
d-c amplifier having a flat response 

toYy over a ftrequency range ol 
020,000 eps It is usually used in the 
range 0-100 eps, where its linearity is 
better than 0.01% It is typically de 
igned for a gain of 3 & 10° without 
feedback 

The feedback loop of Fig. 3 makes 
uch an amplifier into a coefficient 
multiplier, for with feedback the output 
will be —Ro/R, times the input 

Since the amplifier draws no current 


we have 


on materu 


iates, Inc 
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{ the action of the amplifier 


GI 


g these equations simultaneous 
glecting 1/G in comparison with 
d the ratio of the resistors, we 
result stated above 
made equal to R, we have a 
erter in which the output is 
e of the input. As shown 
ve can connect several resistors 
with R, to make 
The symbol for 
The 
the 


What is 
summer 
nmer is shown in Fig. 5 
on the inputs indicate 
which each input voltage is 

iltiplied by the action of the circuit 
Integration. If Ro in Fig. 3 is re- 


] 


placed a capacitor, the circuit be 


comes an and its output is 


integrator 
the integral of the input (Fig. 5) 
the 
to suit the problem ora prob 
that 


Integrators 


time onstant ol eireuit 


rescaled so existing 


ill handle it 


in be 
I. ( connections that permit 
hment of initial conditions in 
ition of differential equations 
ling is a problem in circuits of 
my An 
tance input (R 
differently 


attenuator feeding a 


) clearly will 
that is 
This 


ty is customarily met by feeding 


Irom one 


1 low-resistance input 


ittenuator with a standard signal 
isting it to give the required 
utput gnal 


Servo Multipliers 


When multiplication by a variable 
ntity is required, a circuit such as 
vn in Fig. 6 is used. Here we re- 
jultiplication of the variable 
{1 and B 


let us agree to settle for 


and, to simplify 
1 is fed into a servo ampli 
compares it with the quan 
fed back from the first of two 
that are mechanically 
the 


drives its 


eters 

positioned by servo 
The servo motor 
until the signal that is 
When 


omplished, each of the poten 


eter 


DeCOIEeS equal to A 


has a setting z such that its 
1/100 times its input. Thus 
potentiometer has an output 
the required AB/100. With 
iit all quantities, A, B, and z 
either positive or negative 
gn changes are not necessary, 


need not be double-ended 
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FIG. 6. Multiplication by variable factors is 
accomplished by servo loop that sets ganged 
potentiometers in response to feedback 
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FIG. 7. Circuit consisting of summers and 
integrators computes value of expression 


0.3A + 1.4048 — 0.159C 15D —E€ 





Typical servo multipliers have one 


feedback 


identically 


potentiometer and several 


positioned potentiometers 
with it Thus 


squares and higher powers of a single 


mechanically ganged 


variable are obtained by feeding one or 
the 
from preceding one \ 
we can obtain A*/100 in the circuit of 
Fig. 6 by feeding both inputs (A and B) 


more of following potentiometers 


an example, 


with the voltage representing variable 
| If a third the 
string is fed with A its output 
will be A*/ 1,000, ete 


potentiometer of 
LOO 


Control 
this Is the 


programed ”’ 


The computer is set up 
analogist’s term for 
by making connections on a patch 
panel that is subsequently plugged into 
ind short shielded 


make the required 


the machine. Long 
wires and solid plug 
connections 

erned by a switch 


standby, ref off, 


and 


Operation is goy 
having six position 
set, reset, hold »yperate In 
ire off. In ref 
off plate supplies are on, but the refer- 
+ 100 and 100) are off. 


thi when 


pot 
standby plate supplies 


ence supplies 
The 


patch cords are removed or inserted in 


switch is in position 


the pat h panel In pot set the refer- 


ence voltages are on, but all amplifier 


input resistors are disconnected from 


the inputs and grounded This is for 
vith proper loading 


set to 


setting attenuator 


In reset integrator ire their 


The 


turning to operate 


problem Is 
If the 


atop a problem be- 


initial condition 
started by 
operator wants to 
fore it is complete, he can do so by turn- 
ing the switch to hold. Then he can 
locate errors, and 
of different 


To continue 


measure voltages 
determine the magnitude 
terms of his equations 


he switches back to operate 


Problem Solution 


Combinations of the basic units are 


used to solve engineering problems 


Simple ones require only attenuators 


differential equations it is necessary to 


and summers polynomials and 

use servo multipliers and integrators 
Addition-subtraction problems. 

that 


subtraction 


Problems involve no more than 


addition and multiplies 


tion by constants can be solved with 
combinations of attenuators and sum 
devise i 


mers. As an example, let u 


system to solve the equation 


0.300A + 1.4048 0.1506 


15D 


One system that will serve is shown in 
Fig.7. The quantities that have nega 
tive coefficients go into a summer that 
inverts them to make them 
D is fed into the 10 and 5 
inputs 80 that its total contribution is 

15D 
C is fed to an attenuator that multiplies 
it by 0.159 fand B 
are fed to a separate summer, which in 
the first Thus 


their eventual contribution is positive 


negative 
in the result 


as required by the equation 


its coefficient 


turn feeds summer 


which is required 1 is multiplied by 
0.300 in an attenuator, and B is multi 
plied by 0.702 and then fed to two 
unity inputs so that it is eventually 
multiplied by 1.404 
Differential equations. A 
problem that requires integrators is the 
We 


falling-body problem can write 
the equation as d*z/dt 
it with 


attenuators 


g and solve 


two integrators and three 


One attenuator selects 
the value of g that is the input for the 
first The 


in the conditions 


two 
The 


and 


integrator other put 
first 


the 


initial 
integrator feeds the second 
output of the second is x(t) 
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Analog Computation 
in Nuclear 
Engineering 


Analog computers can solve the kinetic behavior 
of nuclear reactors in real time, thus enabling the 


engineer to study that behavior in detail 


By S. O. JOHNSON and J. N, GRACE 


Bettis Plant, Westinghouse Electric Corp., Pittsburgh, Pennsylvania 





FIG. 1. General-purpose dynamic analog computer being used for reactor design 
at a nuclear engineering center 
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PHE ANALOG COMPUTER 1s a@ valuable 
tool to the nuclear engineer. Reactor 
transient analysis has been done by 
inalog simulation since the early days 
of reactor projects. The first simula- 
tors for reactors and power plants were 
special-purpose home-made,” com- 
puters. However, about six years ago 
general purpose computers as pictured 
n Fig. | began to appear on the mar- 
ket Today these ‘store-bought 
computers are in general use in the 
nuclear engineering field. The pur- 
pose of this article is to describe com- 
puter uses and limitations in nuclear 
engineering and to outline simulation 
techniques, using 4 pressurized-water 
reactor plant as an example 

The dynamic analog computer, as 
distinguished from the passive-network 
inalog, consists of a number of opera- 
tional amplifiers and multiplication 
components (1). The operational am- 
plifier is a high-gain d-e amplifier that 
can be used for either integration or 
summation.* When the output volt- 
ige of this amplifier is within the range 
of linear operation, the input grid volt- 
age is practically zero, because of the 
high gain. The feedback impedance 
then determines the transfer function 
relating output to input. For exam- 
ple, if the feedback impedance is a pure 
resistance the output voltage is pro- 
portional to the sum of all input cur- 
rents, with phase inversion. With a 
condenser as the feedback element 
the amplifier becomes an integrator 
Thus, by the interconnection of sum- 
ners and integrators, taking cure of 
caling and phase inversions, a set of 
ordinary linear differential equations 
with constant coefficients can be 
simulated 

Since linear equations with constant 
coefficients are only of academic inter- 
est, multiplication components are 
needed for the multiplication and divi- 
ion Of variables and for raising to 

wwers The familiar servomultiplier 

handicapped somewhat by the speed 
of response of the servomotor, but 
has an advantage in that ganged po- 
tentiometers allow the multiplication 
{ many variables by another varia- 
ble that positions the servo. Elee- 
tronic multipliers are much faster, are 
more accurate, and, incidentally, are 
much more expensive, Servomulti- 
pliers have been found adequate for 


the majority of reactor simulation 


* lor more detail see p. 70 of this issue 
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however, there are some 
itions that require the faster 
ind greater accuracy of the 
multipher 
netion generator is needed for 
neration of peculiar input fune- 
r for the generation of a non 
netion of another variable 
he use of a dynamic analog com- 
imited at present to the solu 
f ordinary differential equations 
mitation immediately rules out 
ition of neutron diffusion equa- 
or the determination of equilib- 
vatial distributions of flux and 
These nuclear 


thin a reactor 


problems are generally solved 
tal computers, although passive 
rk analogs have been used 
kinetics 


ing a single independent 


r and plant equa 


the time, are ideally suited 


ilog computation, Ordinary dif 
equations can be written to 


mate the dynamic behavior of 
reactor heat trans 
heat 
namics, heat 


kinetics 


actually 


nower!r level 
olant flow 


rizer dy 


and transport 
exchange 
im-system some ol 


these involve dis 


rocesses 


tribu | parameters and therefore 


part howeve! 
difhi 


ing cl 


differential equations 
in be avoided by transform 
partial differential equation 
int et of ordinary differential equa 
tio! bor example, distributed heat 

in be approximated by divid 
heat-transfer element into se« 
ong the coolant 


differ 


direction of 
then writing ordinary 
tations for the sections. * 
kinetics 
too 


is a spatial kinetics 


However, the space 
can usually be ignored—the 


tor kinetics equations 


ordinary differential equa 
e been found adequate to de 
ctor transients, with very few 
ind plant kinetics problems 
2olution of a large number 
simultaneously Further 


inearities and multiplica 


iriables appear in the 
These facts preclude the 
but offer 


uuntable obstacles to analog 


classical means 


cial-purpose and general- 


omputers have their useful- 


ided in the discussion 


boiler 


eis prov 
le representation of heat 


ra ‘ p. 84 of this report 


Vol. 15, No. 5 - May, 1957 


ness Special-purpose computers are 
used where little flexibility is required 
and for training aids, such as port- 
able reactor simulators and the xenon- 
effect 
Reactor 


erally 


simulator pictured in’ Fig. 2 
kinetics problems gen- 


vibility of a 


plant 
gen 
that 


er, when justi 


require the fle 


eral purpose computer such as 
shown in Fig. | Howe 
fied by frequent use, a special-purpose 
computer, sucl reactor simulator 
can be coupled to a general-purpose 
computer to conserve components 


Suitable Problems 


Solutions of the reactor and plant 
kineties equations are required in many 
nuclear engineering problems 

The control engineer must know the 
self-regulating characteristics (3), uf 


any, of the complete system when sub 


jected to various disturbances He 


uses a simulator for load transient tests 


which, together with analytical stabil- 


ity analyses, are used to synthesize an 


iutomate ont tem 4) He 


simulator for effect of 


FIG. 2 Portable 


fission-product xenon on reactivity 


must study the re of the system 


proline 
to plant malilunetion uch as the loss 
of coolant flow or control-rod disturb 
in order to ade ghan emergency 
tem (4) He 


tartup transients 


ances 
shutdown, or scram 
also studies reactor 
to determine the best procedure and to 
establish safe 

The 


with 


tartup rate i, 7) 


reactor engineer concerned 


transient temperature 


tablished 


keeping 


variations within « bounds 


to avoid burnout and thermal-strese 


problems 
The systems engineer uses a simula 


tor to obtain information of transient 


changes in coolant olurme needed to 


design a surge pip ind to size a 
pressurizer 
Reactor kinetics. 


frequently encountered reactor-kinetics 


One of the most 


problems is that of determining the re 


the level to 


variations of reactivity To 


sponse of fission power 


arbitrary 
state the problem mathematically, sev 
eral ordinary differential equations 

the well-known reactor kinetics equa 
tions—are required Because one of 
the equations contains the product of 
and level, analytic 


reactivity power 


solutions for all but the very simple 


forms of reactivity variation become 


dificult. On an 


puter, integrators 


very analog com 


summers, and one 


multiplier are interconnected to simu 
reactivity 


late the equations. Input 


variations of form are applied to 


the multiplier. <A 


any 
voltage analogous 
to the power level of the reactor then 
appears at the output of an amplifier 
and may be recorded or displayed on 
a meter 


W hile 


complete representation of a power re 


such a simulation is not a 
actor, in that it does not include heat 
feedback ef 
fects, it has several useful applications 
the 


transfer and reactivity 
During startup of power reactors 
power level is, of course, low enough so 
that the 
moderator occurs feed 
Hence, 


no appreciable heating of 
and reactivity 
back effects may be neglected 
simulation of the reactor kinetic equa 
tions alone is sufficient to study startup 
transients over decades 


many up toa 


level where significant power is pro 


duced For ‘zero-power reactors, 
simulation of the reactor kinetics equa 
the 
reactor under all op 
Hence, the 


trol systems of zero-power reactors can 


tions alone is sufficient to study 
behavior of the 
erating conditions con 
he tested by substituting the simulator 
for the reactor 

The quantity of analog equipment 


required to solve the reactor-kinetics 


equations is not large If standard 


general-purpose equipment is used 


eight operational amplifiers, one mul 
tiplier, and a function generator, which 
produces a voltage analogous to the re 


activity variation, are required, Be 
cause the reactor-kinetics simulator is 
involved in nearly all kinetics studies, 
it has been found convenient to build 
4 special-purpose simulator, employing 
two amplifiers rather than eight, to 
solve this particular set of equations 
In an even simpler form, a smal! port 
able reactor-kinetics simulator, has 
been constructed for use as 
aid (8) 
hand-set potentiometer as a multiply 


the 
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a training 
This simulator employs a 
Varicr 


ing device. The operator 





reactivity manus 
sponse of the reactor 
meter, 


With 


power 


reactivity feedback 
reactors the probler hy 
more comple I} 
power by the re 

in the moderator 

reactivity feedha 
set of 


transter 


equation 
* from fue 
the transport of he 
by the 


the reactor-kinet 


coolant 1 


cause each part of 
particular equation « 
the coupling vith 
quite simple, and 
that simulates the 
tions may be cour 
reactor-kinet 
have a simulator tl 
of a reactor in wi 
on an open-loop 
perature of the eco 
outlet has no effect or 
perature at the u 
While this doe 
picture of present 
particular types of 
ean be studied with 
eation of the simula 
such problen 
y} 


ples of 
water accident, in 
inlet-water temperature 
drop rapidly, affecting 
and causing a rapid increase 
and the loss-of-flow accident 
it is assumed that coolant flow 
rapidly, stopping the removal 
from the reactor 

Plant 


lasting longer than one 


simulation. For transient 
recirculation 
time of the coolant, it becomes nec« 
changer and 


tem The 


sary to simulate the heat « 
the secondary, or steam 
equations of heat transfer in the heat 


exchanger are simulated in a manner 


similar to that employed for the re 


actor This portion of the simulator 


must be coupled to the reactor-heat 


transfer simulator Che coupling must 


be done through time-dela circuit 


* Because of the ‘ t of approxi 


I 


mating the partial differential equations « 
heat transfer by a set of differential-differ 


ence equations, the umount of analog 
equipment required to simul heat t 

fer in @& reactor vari 
transient to be studied 
three operational amplifir 
a one-lump model; but, f 
sients or transients i 
of the coolant (9), as man 


may be necessary 


weuracy 
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10) The 


voltage 
output temperature 

delayed and then app 

temperature 


age representing the ink 


of the heat exchanger Similar! 
oltage analogou t 
changer outlet temperature 


and then becomes the inlet temp 
ture of the reactor The e dela 
time 


resent the required to tran 


the coolant through the primar 
connecting the reactor to 


Pran 


I~ Piss term and ite 


piping 
heat exchanger port dela 


effect to 
When the heat-exel inger equatior 


imulate mi 


ire coupled to the reactor-kineti 
heat-transler equation 
computer the system be« 


lant simulator In 


}) 
kinetu mentioned 

power-plant simulator 
tudy the stability ar 
characteristi the re 
plant to load transient 
ients resulting from operator or 


malfunctions, such as accidental 


closure loss of coolant or team 


ure, and accidental rod motion 


iddition, the simulation of the 
plant can be complemented by si 
tion of the pressurizer and the vari 
control systems It} 


is a substitute for the 


ometimes user 
wtual plant 
testing and optimizing wtual contro 


} 


equipment (Fig. 3 The power plant 
imulator has also found extensive use 
n the training of plant operators (11 
In its simplest form, the basic power 
plant simulator requires & minimum of 
50 amplifiers. When greater accura 


is desired, together with the simulation 


of control systems, etc., the number of 


operational amplifiers required often 
exceeds 100 

In addition to the 
directly related to the kinetix 


of the plant several other types of re 


many problem 


behavior 
actor engineering problems may be 
handled by general or special purpose 
analog computers. In mobile plants 
a variety of shock and vibration prob 
lems that effect the operation of the 
plant are encountered. Many of these 
problems yield quite readily to simu 


The 


chemical reactions used to purify the 


lation techniques continuous 


coolant may be studied by simulation 
The problem of computing the xenon 
poison concentration in a reactor alter 
in arbitrary power history is solved 
quickly by the 


shown in Fig 3 


small portable unit 


Analog computer 


iy be applied té vantage whenever 


problem invol g a set of ordi- 
iry differential equations is encoun- 


tered They are particularly advan- 


tageous when the involve 


equations 


nonlinearities 


Advantages and Limitations 


Perhaps the chief advantage of an 


flexibility 


problems which can be 


inalog computer is its 
any different 
of ordinary differen 


solved by the 


escribed by sets 
1k equations ma be 
me basi 


ent In 


group of computing equip- 


present-day computers all 


nnection between computing com- 


nent ire m ma removable plug 
© that a particular problem can 


with 


ourd 


« removed from the computer 


out destroying the connections repre 


enting the problem Thus i om 


juter set-up can be conveniently stored 
for use at some future date 
In addition to 


peing capable ol sOly 


i large number of different prob- 


the analog computer provides a 
nvenient means of studying many 


fncets of the problem The re 


Siiliie 
onse ol 4 particular system to 4 vari- 


ol driving tunctions may be ob 


ined P 
merel| b 


irametric studies are made 


changing potentiometer set 
coethcients 
Thus, the 


of evaluating the 


tings corresponding to the 


of the equations engineer 
has a simple mean 
effects of design changes on the tran 
lent response oO! a system 
The worth of analog computers 1s 
enhanced by their inherent ability to 
real’’ time scale 


us test- 


olve problems on a 
Chis property allows their use 
ing devices for plant equipment, and 
incidentally, imparts to the engineer a 
fee] for the kinetic behavior of his 

tem 

In other types of problems, the abil- 
ity of an analog computer to simulate on 
1 time base other than real time often 
is an advantage By contracting the 
time base of the simulator, solutions to 
inherently slow transients may be ob 
tained without using an undue amount 
of computer time. For example, in 
the time base is 


600 Be 


the xenon simulator 
contracted by a factor of 
cause of accuracy considerations, it is 


sometimes necessary to expand the 
time base of the simulator, so that the 
simulated system operates more slowly 
than the actual system. Such a pro- 
cedure is quite often required when the 
simulator contains servomultipliers 


rhe maximum voltage variation of 
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iters imposes a limitation 
ariation of problen 
resent-day computers 
ipproximatel 100 
some consideration 
caling the proble mh 
Occasionally this 
circumvented by a 

ition of the equations For 
ing the startup of aire 
el may change by 

wtor of ten It 


nvenent 


has been 
to transform the re 
that the 


nulated is the logarithm of 


netics equations so 


evel rather than the power 
other problems in 
ide variation of the 
etimes necessary to 
in several stages 
course, requires 
puter 
iecuracy obtainable 


Accuracy. Thi 


nalog with 


Varies 
While 
iecuracies of the or 
i¢ hundredth of 

obtainable 


computer 


f the problem indi 
omponent 
a percent are 
errors 


tend to 


occurring 
computer multiply 
deteriorates with 


For 


analysis of 


‘ LCCUTACY 
problem 
detailed 


s1zZe very 


mm i 
employed in solving the 

must be made to insure that 
st accuracy is obtained 

sual form of the data output 

both 
The 


interest occurring 


inaiog offers 


computer 
wves and disadvantages 

ol primary 
inalog computer are usually re 
recorder, 80 


a strip chart 


everal time dependent functions 
itomatically plotted in their cor- 
These 


analogous to 


itionships to each other. 
lings are directly 
vhich would ordinarily be ob- 
by instrumentation of the phys- 
tem. The disadvantage of this 
output is its inherent poor ac- 
and usually is the limiting fac- 
the accuracy of analog computer 
ns. Recently 


of readout has been improved 


however, the ac- 
development of analog-to-digita! 
erters 
legree to which an analog com- 
vccurately simulates a system 
ls of course on the accuracy of 
mputer in solving the equations 
the accuracy of the equations 
resenting the system being simu- 
While vers 


puter accuracy 
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impressive figures 


can be claimed 


justifia iracy of the equa 


tions i ! lor hew types of re 
neither as easily 
iInderstood It is 
isize these facts 
iputer data to com 


ney tk 


wtors 

defines 
neces 

when pi 
pensate accept sim 
ulator presenting perfectly 
being 


the behavior ‘ the vatem 


simulated 


Analog vs Digital 


itabl irises as to 


The question ine 
whether reactor and plant kinetics 
equations cou ot better be solved 
ute! ro make the 
correct: decisi on thi the 


utilize fully the 


on ad 
question 
engineer hould to 


idvant intages of eacl 


FIG. 3. Control valve coupled to power- 
plant simulator for testing. Since analog 
computers can operate in real time they 
can be used for such component testing 


machine Phe digital computer can 


be used to obtain more accurate results 
when justified, and can solve any num 
ber of similar problems for which a pro 
code have 


gram and 


On the other hand the 


heen developed 
analog is more 
easily 
flexibility with les 
and effort 
Because of 


programmed and offers greater 
expenditure of time 
these considerations it 
has been found that new problems in 
better 
The engineer 


reactor and plant kinetics are 


solved on the analog 


obtains a better feel 


as to the 


for the problem 
wequar of his model and 
take ady 
bility 


equations and can antage of 


simplicity and fle to study modi 


heations of the system 


On the other 


imulate 
hand cline prob 
routine ‘ that 


different 


iC Tis hecome rian 


rey. ited solution lor whtlhy 


designs are required the development 


of a digital code may be justified 


Open vs Closed Shop 


As stated earlier an analog computer 


iffords the engineer an opportunity t 
vet a feel for the behavior of the tem 
vidition to provid 
Flexibility al 


ined’ to 


being simulated in 
ing quantitative data 
lows changes in plan vhen ce 


avoid fruitless pursu ind the run 


ning of useless data Pherefore to 
take full ady 


puter and in the interest of economy it 


antage of an analog com 


is very desirable that the engineer work 


in the laboratory when his problems 


ire being simulated Phi viously 
wtor 


necessary when a new t ) re 


problem is being brit shen new 
simulation technique ved 
Routine problems can be set up and 


run by trained technician however. it 


desirable that the responsible engi 
neer lx ind 


data 


The alternative procedure of maintain 


present if computer time 


processing are to ly conserved 
ing a completely closed shop, involving 


problem requests ona requi ition laste 
can result ina large number of problem 
requests to cover broadly all areas of 


Phis 


uneconomical of 


possible interest hotgun 


prom h Ins very 


puter time and data processing 
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Dynamic Simulation 
of a 


Fast Reactor 


Two hypothetical reactor accidents, 
startup and loss-of-pump power, 


are analyzed with an analog computer 


By R. G. OLSON 
flomic Powe Develop il 0 i Tn Detroit. Michigan 
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FIG. 1. Model for simulation of fast-reactor system 


SAFETY is an important consideration 
in the design of a nuclear reactor. To 
ensure safety, hypothetical accidents 
must be studied and analyzed. Analog 
simulators afford an excellent means of 
studying such accidents without actu- 
ally having to produce them. 

While the analysis of accidents is im- 
portant in the design of any reactor 
system, it is especially so for fast reac- 
tors because even small geometry 
changes due to temperature effects pro- 
duce significant reactivity changes. 

The Atomie Power Development 
Associates’ simulation program, started 
in 1954, has shown that the Enrico 
Fermi Fast Breeder, as designed, is 
capable of accommodating any of the 
issumed accidents (J The two ex- 
treme accidents, the startup acc ident 
ind loss-of-pump-power accident, * 
studied in this article, however, did ad- 
mit of possible melting in the center of 


some fuel pins 


Over-All Considerations 


Though the dvnami response of fast 
reactors in the delayed-critical range is 
imilar to that of thermal reactors, fast 
reactors have the following four in 
herent dynamic responses that are 
different 

1. The lifetime of prompt neutrons 
in fast reactors is ~10°7 sec. This is 
several orders of magnitude smaller 
than in thermal reactors. The prompt 
lifetime is important only when prompt 
eritical is approached or exceeded but 
is of little importance otherwise. The 
other time constant uch as delayed- 
neutron emission heat conduction 
mechanical motion, and heat transport 
ire several orders of magnitude larger 
than the prompt lifetime 

2. The temperature coefficients of 
reactivity for fast reactors are an order 
of magnitude smaller than those for 
thermal reactors No fast-acting 
dominant temperature coe flicient over 
rides the others, such as moderator ex 
pansion in a thermal reactor If some 
of the coefficients are positive or have 
large characteristic time lags, the reac- 
tor may possibly display instability (2 

3. The delayed-neutron fraction 8 
for fast fission of I is about 8% 
smaller than for thermal fission of U** 

Although @ would be smaller in a 
fully enriched reactor, the presence ol 
which has a 8 of 0.0176, in a less 


* They are extreme in that they require 
the simultaneous malfunction of the opera 


tor and the control equipment to occur 
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. -- solves these reactor-kinetic equations... 


The time-dependent equations of 4K Pe — TO and in the blanket 
Pri . ni i 
reactor power are A a , 
dT." 
i ne 
Temperature coefficients to be dt 
summed over are* 7; 


172 X 19°9/" F 
0.444 x 10°' 
where , 1.777 « 10°* 
(J reactor power 3.94 « 10° 
5} excess multiplication factor 1.83 x 10°* Vy(t 
delayed-neutron fraction 
decay constant of ith group 
of delayed neutron emitters 


The mixing of coolant out of the 
core and blanket is given by 


For the core, the thermal equa- 
tions connecting the mean fuel tem- 


contribution to reactor power perature with the power are 


from fissions caused by ith dil 
V heat-exchanger input sodium is 
group of delayed neutrons dt 


prompt-neutron lifetime 0 ve 


The temperature input to the 


dT ; 
For the Enrico Fermi fast reactor r ~ l'; PyefO 


1.8 « 10°’ sec and for the blanket At 


The driving function is a | cent, sec M Va lO 


ramp in the startup accident 
° P The heat transfer from the heat 


bh Rit 0.000075 1 i ( Tyrve Ty" exchanger is 


Al The equations of heat transfer 

or, for flow decay, ; dT 
from fuel to core coolant are wo 1 

¢ ] 


' f(t , ; dt 


where /(t) is the slope of the pump 

slowdown characteristic (4). 
The temperature effect on reac- 
ot explained on this 


tivity is given by ee text, pp. 78 and 79 
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PWR Training 
Simulator 


Commercial analog computing units simulate 
PWR nuclear and thermal characteristics in 
this unit, which will train operators in 


normal as well as abnormal operation 


By J. P. FRANZ and W. H. ALLISTON 
Bettie Plant, Weatinghouse Electri Corp Pittshurgh, Penn 


FIG. 1. Console of training simulator, similar to actual PWR console, has 
plant loops and main components laid out schematically on operating 
panel with controls at appropriate positions on diagram. Components 
and controls not fully simulated are included in dummy form. Meters dis- 
play temperatures, flows, pressures, and nuclear aspects. Annunciator 
indicators above meters operate when alarm condition arises. Com- 
puting equipment is housed separately in cabinets (right). Sixty oper- 
ational amplifiers, four servo multipliers, voltage reference supply, and 
power supplies are commercial analog-computer units costing about 
$25,000. Passive computing elements are mounted in these racks. Re- 
lays and motor-driven potentiometers are mounted under console to 
minimize interconnecting wiring 


THe PWR RAINING SIMULATOR is a 
tool to train personnel who are to oper- 
ate the Shippingport Atomic Power 
Station.* With a control console (see 
Fig. 1) similar to that of the power sta- 
tion, it provides an impact not obtain 
able from any amount of verbal 
instruction 

The pressurized-water reactor is in- 
herently stable—-the operator has time 
to check before he throws a switch or 
turns a knob. This contributes to 
achieving realism with the simulator at 
moderate cost 

The emphasis in designing the simu 
lator has been placed on reactor oper 
ation; other parts of the main console 
have been modified Thus the train 
ing-console length is less than that of 
the actual plant console 

Control and indication of the ele 
trical and steam systems (see Fig. 2 for 
schematic of PWR plant coolant and 
steam cycles) have been simplified or 
eliminated if their effect on reactor 
operation is relatively small or repre 
sents a functional duplication. Thus 
coolant-flow simulation is restricted to 
controllable flow in one loop and fixed 
flow in the remaining three loops; one 


circuit simulates the fixed-flow loops 


Performance 


The PWR training simulator derives 
a considerable amount of realism from 
direct and continuous solution of the 
equations of the simulated plant. This 
realism is valuable when the subsequent 
plant operation depends on what action 
is taken by the operator or when action 
taken by the operator depends on what 
the plant appears to be doing. A typi 
cal simulated plant operation is shown 
in Fig. 3 

A remote-control panel located at 
the computer racks enables the instruc 
tor to inject various “‘trouble’”’ condi 
tions by tripping a primary pump 
safety shutdown (scram), boiler feed 
pumps, or turbine throttle. He may 
also inject reactivity of various rates 
of change to simulate xenon transient 
conditions. In addition, trainee per 
formance can be checked by plugging 
recorders into test sockets on the 


( omputer 


Simulator Capability 
Simulation of the following plant op- 
*J. W. Simpson, Milton Shaw PWR 
power plant, part 1—nuclear power gen 


erator Westinghouse Engineer, 15, No. 6 


178 (19055 
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Alarm and Annunciator 


A thyratron-controlled 
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ten annunciator windows and an audi 
ble alarm for the following abnormal 
conditions 

(1) 1A loop low coolant flow, (2) safety 
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low pressurizer pressure, (6) high or 


low pressurizer level, (7) low 
stem disabled 


&) throttle trip, (9) high or low boiler 


pressure 
protection § manually) 
drum level 10) boiler 
breaker trip 

In addition high 
trips 


feedpump 


neutron-flux-level 
insertion at 


salety 


provide a safet nor 


mal rod rate and a shutdown 


Safety shutdown can ilso be tripped by 
high reactor outlet temperature and by 


low pressurize! pre ure 


Construction Features 
1 he it 


ides for ease 


lator design (Fig. 5) pro 


maintenance, essential 
with commer electronic equipment 
and simplification where 
All essentia 


relays 


er possible 


components, including 


ind nonlinear circuit units, are 


plug-in. Thi moplifies replacement 


for maintenance and changes in plant 


parameters, and allows isolation of a 


defective circuit for trouble shooting by 
unplugging its input and output com 


ponents. The sockets for the plug-in 


Hole 
feedpump 
simulation 


Boiler -leve! 
control 


| 


he | A boiler -heot 
trans. vorioble 
~ loop 


Ls 1B, IC 10, 


boiler heat 
trans. fixed loops 


Steam-load 


simulatic 





Monua! chorge- discharge contro! 


Moanuol heoter-sproy control 


Monuol xenon reactivity rote control 


Diagram of training simulator; plug-in units simplify maintenance 


components serve as test points where 
circuit voltages can be read by plugging 


lead. This 


allows an organized system of mainte 


in a meter arrangement 
nance checks to be set up by specifying 
numbered test points and correspond 
ing correct voltages or waveforms 

In several cases where simulator out 
puts are to be added, with the result to 
be used for meter display only, it wa 
wil 


eliminating «a 


found convenient to 
thereby 


amplifier An 


currents at 
the meter um 
ming example is the 
meter, in which 
boiler LA feedwater flow and boilers 1B 
1C, and 1D steam flow (assumed equal 


to the feedw iter flow for thes 


total-feedwater-flow 


bowler 
are added 

Insofar as possible, the solution of 
nonlinear equations is avoided in the 
training simulator to minimize the ci 
with 


Dicnle-ty ju 


cuit complexities involved non 


linear circuit element 


nonlinear function generator whet 


used, are assembled in standard inter 


low King metal boxe A bane 


and provide ease of mamntenance and 
adjustment 
In the training 


aati 


imulator, it was po 


ble to achieve factory results from 


nonlinear functions approximated b 


minimum number of straiwht 


ments, usually three 


weurate enginecring 


erably larger number 


vould be 


egments 


Th article 
inde ! 


contract AT 11 





Analog Study of 


Boiler-Reactor 
Interaction 


The desirability of four-node over one-node boiler 
representation is brought out in this study 


of the interaction between boiler and reactor 


By E. F. BORNER and B. F. CASSIDY 


Knolla Atomic Power Laboratory,* Schenectady, New York 
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FIG. 1. Boiler is represented by four nodes 


IN NUCLEAK POWER PLANTS where the 
reactor temperature coefficient of reac- 
tivity is moderately negative, the 
reactor can be controlled in part by the 
natural response of reactivity to tem 
perature changes The temperature 
changes and, hence, reactor power level 
disturbances originate in the steam side 
of the plant Boiler operation affects 
reactor operation 

\ standard, general-purpose analog 
computer made by Electronic Asso 
iates, Inc. was used to study inter- 
ition between boiler and reactor. The 
entire study required 72 amplifiers, of 
which 32 were integrators. Seven 
ervo-multipliers and 4 function gener 
itors were required to represent the 
nonlinearities The 138 seale-factor 
potentiometers used could have been 
reduced in number by using fixed 
purpose circuits, but potentiometers 
preserve the flexibility of the equip 


ment for other studies 


Boiler Model 


Phe boiler consists of heat exchanger 
riser, steam drum, feedwater mixing 
device and downeomer The general 
irrangement of these components ts 
hown in Fig. 1 Subcooled water 
enters the heat exchanger through the 
lowncomer and is heated to boiling 
Che output that goes up the riser is 
mixture of steam and water. At the 
top of the drum, the steam is separated 
from the water and proceeds to the 
turbine while the water falls into the 
drum, where it mixes with incoming 
feedwater and returns by natural cor 
ection to the heat exchanger. Natu 
ral convection is maintained because 
the subcooled downcomer is more dense 
than the steam-water mixture in the 
rise! 

Representation by nodes. The con 
tinuous or distributed heat transfer 
phenomena of the boiler involve par 
tial differential equations, the exact 

ution of which are not obtained on 

y, or digital, computers, Ordi 
differential equations can be writ 
ind solved for these phenomena 
by assuming lumped-parame 

des The nodes represent inter 
ted energy-storage elements and 
mulate the original continuou 
ransfer phenomena The sim 
nethod of representing the boiler 
consider it as one node, well 
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xed and at a uniform temperature 
ghout 
Four-node boiler. 
ticated four-node model can be used 
la nd 


each node in 





A more sophis- 







balances are made 





energy 






the boiler, and the 





nalysis is completed by obtaining the 
The 


onlinearities in the two-phase riser 





fluid flow between the nodes, 







flow equations are not easily adaptable 





t mmon analog computing tech- 





1¢ Therefore, the exact analysis 





ipproximated by one in which the 
omer flow and heat exchanger 
arbitrary obtained 


state analyses. 


is ire 


inputs 







f ; 
ro! 


teady 


Energy Balances 





lr the four-node model 


(Fig. 1) 


‘ represents the energy balance 


r the upper portion of the steam 
le 2 is for the lower portion 
the steam drum, node 3 the down 


ner, and node 4 the heat exchanger 
d riser 

Steam drum. The majority of the 
heat capacity is in the 


team drums 


quid at the bottom of the drum. In- 
the feedwater into this par- 


ticular boiler subcools only the lower 
























rt of the steam drum and the 
el Thus the steam drum 
nt iturated liquid in addition 
F ti ng degrees of subcooled liquid, 
lr nalysis arbitrarily divides the 
nto a saturated region of varia- 
me and a subcooled region of 
f ime with perfect mixing occur 
each node, The two steam 
ergy balances are 
V,,.0 dt 
h. wihp W pila ) 
lf 4) if 
j Hh Wacltp 2 
ecific heat (Btu/Ib-* F) 
Vl er drum (node 1) liquid 
Ib 
() per drum (node 1) liquid 
temperature IF) 
eT j nd flow rate (lb BOC 
er liquid enthalpy (Btu/Ib) 
nternal steam-drum flow rate 
per drum (node 1) liquid 
a thalp 
per drum (node 1) flashing 





its ! e¢ 





drum (node 2) liquid 












drum (node 2) liquid 






temperature 
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h, enthalpy of saturated steam 


Wy. = feedwater flow rate 

hipu enthalpy of feedwater 

Wy downcomer flow rate 

hp lower drum (node 2) liquid 


enthalpy 
Downcomer. The temperature of a 
given particle of water does not change 
as it passes through the downcomer; 
therefore, the downcomer can be de 


scribed as a pipe with a constant trans 





















FIG, 2. 


port delay when the flow rate is con 


stant The dela imulated by an 
inverter and an integrator with the fol- 
lowing transfer function 
Ou | T'p/2)p 3) 
0 t 7 2 p 
where 
0, outlet temperature of down 
come! 
Tp pipe transport time 4 
Pp operator (d/dtl) (se 
Heat exchanger and riser. The 


short transport time of the two phase 


flow in the riser How t to be con 
sidered as a part of the heat exchanger 
Only 
actual contact th th 
the steam side, and the 


of the 


exchanger energy 1 ine 


saturated considered in 
e boiler tubes on 
heat capacity 


vapor neglected The heat 


d YM wxOn it {AO Ons 
ty wu / / f // j 

where 

VM wx heat ¢ hanget quid nase 





Onyx heat exchanger saturation tem 
perature 
UA heat transfer coeflicient across 
boiler tubes (Btu. se« l 
O,.* average primary coolant tem 
perature in boiler tubes 
hy downcomer outlet enthalpy 
We, riser vapor flow rat 
If #», attempts to exceed Oyx, u 


issumes a variable value th 


equal toé When @, yr is greater than 


if Keeps Owy 





Computer circuit for upper-drum temperature representation 


i) no flashing occur im the team 


drum, thus making wy;, equal to zero 


Boiler Mass Balance 


In the model, the transient heat-ex 


changer mass M yy composed of the 
following terme i tead tats vell 


of the heat « 


xchanger from boiler load 


changes b) deviations of downcomer 
subcooling lrom it tend tate ilu 
Irom 


deviation of boiler pre ure 


its stead “tate alu und (d) exce 
sive boiler-tube heat flu 

A mass balance on the 
ill determine the effective heat ca 
pacities at any party 


Tia balance can tn 


Vinx + Mn, +M + M 





w,)dl 





VW downcomer ma 


”, steam flow out of boiler 





4 


f Tr ttle Travel Time 


FIG. 3. Response of power to load in- 
crease. Curve A is for one node; B, C, 
and D, four node. No upper drum flash 
ing in curves Aand B, 
steam flow in curve D 


Feedwater lags 


The flows Ww; 


from the mass balances on the heat « 


and wu ire obtained 
changer and lower drum node he 
steam flow delivered by the 


the load is 


Ww, Wee + U 


The enthalpy of liquid is assumed pro 


portional to its temperature Thi 
boiler’s heat-transfer coefficient UA i 
varied either as a function of steam 


flow or of the heat flux 


Analog Representation 


The techniques used to solve ordi 
nary linear differential equations with 
constant coefficients are described ace 
quately elsewhere (1 
of nonlinearity appearing i 
requires a different technique 
Handling the 
of Eq. (1) requires: (a) the 


tion 
however. nonlinearitie 


olution of 


boiler to 


an equation containing the rate of 
change of the product of two variables 
and (b) a representation of the flashing 


of water into steam in the upper 
drum to maintain drum temperature 
equal to or less than heat-exchanger 
temperature. 


M pO v1- 
The computer circuit used to obtain 


Time rate of change of 
the solution of Eq. (1) is shown in 
Fig. 2. Servomultiplier No. 1 will 


move the arms of the mechanically 


ganged potentiometers to a position 
proportional to the input voltage Mp 
The capacitor between the arm of the 
potentiometer and the summing point 
of amplifier No. 1 enables the amplifier 
to solve differential equations of the 
type 
(Be ous) / dt LK ie, 

ratio of output voltage to input 

voltage of the servo-driven feed 

back potentiometer 

amplifier output voltage 

gain applied to ith input voltage 

ith input voltage 
The term § represents the normal 
value of the upper 
The ca 
pacitor is connected to the output of 
implifier No, | 
circuit operates as a conventional in 
If 8 is made to vary as the 
mass M, 


VM pim by means of the servomultiplier 


ized or per-unit 


drum mass in this instance 
when 8 1 and the 


tegrato! 


normalized upper drum 
the circuit will determine the tempera 
ture of a variable mass region when the 
next gain or loss of energy of the node 


is known. 


The time constant of the feedback 
capacitor and the potentiometer resist- 
ance represents an error in the solution 
of the differential equation. The error 
however, is small if the problem is 
s© that the maximum rates of 


and M », are 


few volts per second 


scaled 


change of Op less than a 


The 


water in the upper steam drum begins 


Drum-flashing representation. 


flashing into steam whenever the 
drum temperature exceeds the heat- 
exchanger temperature. In the analog 
circuit of Fig. 2, amplifier No, 2 moni- 
tors the 
On, As long as Op 
no flashing occurs and the flashing relay 
When Op, 


Onwx, the amplifier closes the flashing 


difference between Op, and 


Is less than On Y; 
exceeds 


reinains open 


rela Whenever this relay is closed, 
flashing steam rate 
flow 


value of wp , 


a large constant 


considered to from the 
The 
chosen large enough to keep Op 
than 


Ws, iB 
upper drum 
less 
Onwx even for the most severe 
drop in Ow, that could be experienced 

Contacts of the 


flashing relay are 


used to preserve Mass and energy bal- 


anes while flashing is in 


The contacts 
term wu Dfolt the 


progress, 
in Fig. 2 represent the 
loss ol the 


the flashing 


energy 
upper drum caused b 
The contacts of the 
open when Ow, again 
than Op» If the load on the heat ex- 


changer is sufficient to produce more 


flashing relay 


becomes larger 


flashing, the relay will eyele. Averag- 


ing the pulses produced by the flashing 
relay over a period of time will approxi- 


mate the actual flashing rate. 





Control by Temperature Coefficient 


Power plant control by reactor re 
sponse to steam demand y) | 
trated by the curves at the right whi 
show plant response to a load increase 
imposed by opening the turbine throt 
tle valve, 

As the throttle valve 


heat flux from the primary coolant to 


opened, the 


the boiler becomes insufficient to sup 


ply the energy ol the higher teal 


The additional energ 


now re 


flow 
quired is supplied by the boiler heat 
capacity, with a resultant drop 
temperature. The increased ten 
ture differential between the boiler 
the primary coolant flowing throug 


causes an increase in the amount 


energy that is removed from the cool 


86 


int, with a resultant drop in coolant 
temperature at the boiler outlet 
T he 


reaches the reactor after a delay cor 


cold-leg temperature wave 


responding to the cold-leg transport 
Now 


perature 


the average reactor tem- 
begins to follow the boiler 
and the 


begins 


time 


temperature reactor power 


level finally 


responding to 


load change. Since the boiler and 


the reactor have been cooled below 


values by the 
ulti 


their final steady-state 
load 


mately supply all the energy) 


change, the reactor must 
required 
by the load and also return the plant 
temperatures to their final steady-state 

ilues. This is accomplished by the 


ershoot in reactor power 


Throttie position 
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Results 


Che effects of steam demand and 


ter stability on reactor opera- 


revealed by the analog study 


Load disturbances. The effects of 


throttle-valve position on 


power level are illustrated in 
Throttle-valve positions are 
n the percentage of rated steady- 
steam flow provided by each 
on from 20 to 100%. 
the first three curves, feedwater 
quals steam flow. In curve D, 
vater flow was forced to lag behind 
m flow with a delay time of 10 sec 
ed by 10 see. 


eedwater flow of curve D is con- 


a time constant of 


typical of what might be ob- 
with a practical three-element 
iter control system, 
major differences in reactor 
behavior between the one- and 
le steam-side representations 
apparent upon inspection of 
a) for all three variations of 
ir-node model, the peak reactor 
less than with the one-node 
b) the peak neutron flux of 
D, which is considered the most 
ible plant response, occurs about 
time units after the peak of the 
Both of the 


in a direction which 


de model, fore- 
eflects are 
be expected if one were to deter- 
e transients experimentally. 
reasons for the differences be- 
irves A and D exist. The first 
that for the same steam-side 
ipacity and the same drop in 
changer between 
100% rated output, the four- 


temperature 


«lel will provide more stored 
This 


ergy arises because of the sub 


than the one-node model 
the lower drum and down- 


constant downcomer flow of 


rated steam flow and feed- 


cooling in the region of 200 
lower drum and downcomer 


vill increase about 32 I 


20 and 100% rated steam flow 


litional stored energy thus 


mn a maneuver becomes 


larger subcooled regions 


drum and downeomer 


tored energy moderates 


team temperature decay 
( ‘onse- 


en jload increase, 


the reactor average tempera 


ire drops at a slower rate. 
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FIG. 4. Effect of feedwater flow on 
reactor power level 


The 
and D of Fig 
feedwater tends to 


curves A 
3 differ is that subcooled 
chill the 


second reason why 
lower drum 
and downcot! eT If the feedwater Il- 


delayed load 
change, the amount of feedwater that 


crease is during the 
must be heated to 
is reduced ki ven though the available 


mass of the steam side is also reduced, 


the rate of steam temperature decrease 


is again moderated because less of the 


being used for feed- 


boiler output is 
water heating This moderating effect 
ceases if the feedwater delay becomes 
that the 


is destroyed 


so great natural circulation 
In discussing the re isons [or the dif 
curves A D of 


mention the steam- 


ferences between and 
Fig. 3, it is well to 
variations which did not have a 
effect on 


Two such variations are 


side 


significant reactor power 
a) Transient 
flow did 


downecomer 


afiect 


disturbances in 
not materially reactor 


The dow 


varied from ite 


neomer flow was arbi- 


steady-state 


level 

trarily 
value for a few seconds by as much as 
negligible effect on 
swell, the 


from the heat 


a factor of two wit! 


reactor power! ly Boiler 
transier of extra water 
also had 


The 
which kee ps the upper 


exchanger to the steam drum 
little effect on reactor power level 
flashing process 
drum and steam temperatures together 
as heat 
undoubtedly 


exchanger temperature falls 
helps to minimize the 
itron flux 


transients, the 


effect of swell on ne 


During the power 


steam and main coolant temperatures 


of the four-node model also vary at a 
slower rate than do those of the one- 
However 


node model the maximum 


stem temperature 


power 


swings in temperature were about the 
both 
maximum volume surge from the pri 
tank 


the same but occurred more slowly in 


same in models; therefore, the 


mary expansion was also about 
the case of the four-node model 
Feedwater stability. Figure 4 illus- 
trates the effect on reactor power level 
of slow feedwater oscillations of about 
10% rated feed flow 
throttle 


position 


with the turbine 
remaining in its 50% load 

The heat-exchan.er temperature os 
cillation is shown as having an ampli 
tude of about 2° | 


steam 


This oscillation in 
temperature is transmitted to 


the primary coolant, where it finally 


produces the reactor power oscillation 
having an amplitude of about 2.5%, 
These results indicate that if an auto- 
matic reactor power-level control loop 
were incorporated to assist the natural 
long- 
term feedwater oscillations might cause 


plant temperature coefficient 
undesirable cycling of the power-level 
controls 

For a given frequency and magni- 
tude of feedwater oscillation, the swing 
in downcomer temperature and, ulti 
mately, the reactor power oscillation 
can be reduced by increasing the effec- 
tive heat capacity of the lower drum 
This benefit 


a resultant increased tendency 


must be weighed against 
toward 
downcomer flashing whenever the load 


is increased 


Conclusions 


The one-node model provides results 


conservative so far as the 


which are 
behavior of reactor power is concerned 
model would 


Therefore. nh one-node 


generally be sufficient for preliminary 
investigations of reactor power during 
load uidition, the 


one-node uffice for al- 


disturbances. In 
would 


most all investigation 


model 
\4 he rt i the 
reactor temperature cot flieient is neg 


ligible and the steam temperature is 


required merely a ib ior primary 


coolant temperatures, or (b here the 
circula 


mall 


primary 


boiler is so designed that the 


tion time of the steam sic 


compared with that of the 
coolant loop 


If more exact ilues for reactor 


power overshoots, reactor period and 


primary coolant surge rate are desired 


for protective-system and pressurizer 


design, refinement of the steam-sicl 


model becomes just as important as 


improvement ol the reactor and pri 


lor ex 
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mary coolant representations 











ample, in Fig. 3 the differences in re 


actor power behavior produced by 
changes in the steam-side representa 
tion were more significant than those 
produced either by changes of 50% in 
the hot- and cold-leg transport times 
or by a more elaborate representation 
for reactor residual heat 

The four-node steam-side represen 
tation is recommended as a reasona 
ble compromise in cases where a cde 
tailed investigation of the natural plant 


characteristics is required but the 


amount of available analog equipment 
is limited. 
model presented is certainly incom 
plete—the 


probably being the neglect of the nat 


most serious limitation 
ural-circulation equations and the as- 
sumption of constant downcomer flow 

However, if the limitations are rec- 
ognized and the computer is monitored 
for conditions that invalidate the as 
sumptions, e.g., downcomer flashing in 
the case of constant downcomer flow 


the four-node steam side will provide 


The four-node steam-side 


results significantly closer to physical 


reality than those of the one-node 


model 


+. * * 


This article was prepared as a result of 
work performed under AEC Contract W-31- 
109-Eng-6 2 
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Where Analog Computers Are Used in the Nuclear Field 


User Computer 


organization used 


Alco Products 
Allis Chalmers 
American Machine 


Philbrick 

Midcecentury 
& Foundry 

Combustion PACI 
iingineering 

Curtiss-Wright REAC 100 


General Mleetri GEDA; PACI 
(ANP, Lock 16-31 R, and 
land, 0.) 24-D 

General Eleetriv PACI 
(KAPL) 

(General Motors hASI 
Hanford Atomic 
Products Op 
Lockheed Missile 
Systems Div 

NACA 

Oak Ridge Home-made 
National Lab 

Phillips Petroleum 
Co 

Westinghouse 
Bettis Plant 


16-1SIR 
PACI 


*D. Fiene, H 
No. 8, 16 (19053) 


Schnee 


I ulure 


plans 


Double 


capacity 


Reactor 


simulator 


Nucieonicea Il, 





used in the 


is Varied as the appli itions to which the \ 


nuclear field seem to be 
ure put. All 
the major manufactures are represented in this survey of 
field conducted by 


ANALOG COMPUTER 


users in the nuclear NUCLEONICS 


Hows 


machines on p. OY 


ver the survey is not as extensive as that for digital 


FIG. 1. Reeves 400 REAC co 
Atomic Energy Commission 


FIG. 2. Upper panels of advanced analog computer by Electronic 
Associates, Inc. 
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Available in 
plate 
sheet 
strip 


bars 


for thermal neutron 
shielding and control 
in atomic energy 


applications... 
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1% Boron Stainless Steel has a theoretical thermal neu- 
tron absorption cross section many times greater than 
regular stainless: This metal is now available from Super- 
ior Steel in a variety of commercial forms. After many 
months of successful development, we can handle your 
requirements for 1% Boron Stainless with assurance of 
highest quality in the finished product. Please address 
your inquiries to our Special Products Division. 
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WRITE (on your letterhead) for a copy of our research bulletin 


etal ‘Boron 1% Stainless Steel."’ Ask for Bulletin No. 57-N 
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Low-Background Counter 
for Solid 6-Emitting Samples 


By S. D, SOFTKY* and R. E. NATHER* 


Tracerlabh, Ine 
Western Division 


Richmond, California 


The common approach to counting 
beta activities of a few counts per min 
ute is to have a central sample counter 
in anticoincidence with a surrounding 
ring of G-M counters to eliminate co 
mic-ray background (/, 2 
bly is placed inside a shield to reduce 
Although 


deseribed 


The assem 


local background activit 
the counting arrangement 
here follows the same approach, a new 
counter material and anticoincidence 
ring design offer advantages for routing 
use, 


Central Counter 

The central sample counter was made 
of Epon resint because of its excellent 
insulating properties and freedom from 


FIG. 2. Counting assembly with steel dust cover open. 


natural The counter 


Fig. 1) has a 1.310-in.-diameter win- 


radioactivity. 


dow and a jug-shaped sensitive volume 
1.25 in. deep to allow using 1-in.-diame- 
ter sample planchets. 

The anode support is located in the 
neck of the jug to expose a minimum of 
insulator surface to the sensitive count 
ing volume. The 0.9-mg/cem? window 
is 0.00025-in.-thick Mylar film 


num-vapor-coated on both sides to ren- 


alumi- 


der it conducting. The anode wire is 
* Present appress: Aerojet-General Nu 
leonics, San Ramon, California 

t Epon resin type 828, Shell Chemical Co. 

t Minnesota Mining and Manufacturing 
Co.; available from Wakefield Industries 
Skokie, Ill., and Hastings and Co., Phila 
delphia, Pa 





Anticoincidence umbrella 


is in top and two sample counters at bottom separated by mercury shield 


90 





Anode support 
(0050-dia stainiess 
steel) 


nsulotor surface 


Evoporoted 
metol 
cathode 


Epon counter 


body 


, Copper hose 
\ connection 


0.0035 stainless 


Stain -stee! 
stee! wire onode Stainless -stee 


window 
retaining ring 
Aluminized Mylar 
fim window 











FIG. 1. 


Epon sample counter 


a loop of 0.003-in. stainless-steel wire 
specially drawn to ensure uniform diam- 
eter 


supported by a length of steel 


syringe tubing. The solder joint is 
made outside the counter 

\ stainless-steel ring, beveled on the 
holds the 


place and serves to place the window 


inner surface, window in 
material under tension during assem- 


bly Two %g¢-in.-o.d. copper pipes 
are cast into the counter to allow gas 
flow through the sensitive volume. 

The counter is completely cast in a 
single operation, requiring no machine 
work. A special mold allows the anode 
support, the gas pipes, and the threaded 
copper bushings that hold the window 
ring to be cast into the counter at the 
time it is made. Stainless steel is 
vacuum-evaporated onto the inner sur- 
face of the counter to form the cathode 
alter which the anode and window are 
installed, 

The first Epon counters exhibited a 
spurious counting effect, which was par- 
ticularly noticeable after exposure to a 
high-activity sample. This ‘ 
effect” due to the 


buildup of static charge on the exposed 


memory 
was apparently 
Some photo- 
The ad- 
dition of lampblack to the Epon solved 


portions of the insulator 


sensitivity was also observed 


both problems by lowering the resistiv- 
ity of the insulating material and ren- 
dering the counter opaque to visible 
light 

The counters can be operated either 
as proportional counters (using methane 
flow as G-M 


helium-butane or helium-isobutane) 


gas) or counters (using 
The latter mode of operation is chosen 
in this case, since the larger signal avail- 
able from a G-M counter greatly sim- 
plifies the electronics required, and the 
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THE HEART OF DAYSTROM™M’S 


*This reactor is the Daystrom concept of the much publicized Argonaut, designed by personnel of the Argonne Nationa! Laboratories for specific use as a training reactor 


REACTOR TRAINING CENTER 


THE D. A. R.T. PROGRAM IS A POSITIVE 
APPROACH TOWARD MAKING "ATOMS FOR 
PEACE" A REALITY 


The D. A. R. T. (Daystrom Argonaut for Research and Training) 
Program initiated by Daystrom, is our practical answer to your 
requirements. 

This two phase program, consisting of reactor construction and 
training, has, as its nucleus, a 10 KW Argonaut reactor’. In 
herently safe, this reactor was specifically designed to meet 
the needs of institutions and industrial organizations 


The D. A. R. T. Reactor offers many advantages, a few of which 
are listed below 


e Ease of installation @ Inherent safety 
e@ Unusual flexibility 
e Low investment and maintenance costs 


OM NUCLEAR 
Division of Daystrom, Inc. 


WEST CALDWELL, N. J 
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Practical training, at our center is available to any interested 
and qualified individual 


Courses include 

@ Reactor Use and Application @ Reactor Operator Training 
@ Control and Instrument Maintenance Training 

@ High School Science Course (science teacher training) 

e Technical Seminar for Management Personnel 


REACTOR SPECIFICATIONS: 
TYPE HETEROGENEOUS 


MAK. RATING 10 Kw 


1 


MAK. FLUX 10" NEUTRONS/SQ. CENTIMETER /sEX< 


FUEL BORAK TYPE FUEL ELEMENTS 
CRITICAL MASS APPROK. 3-3/4 KG 
MODERATOR 4,0 


REFLECTOR GRAPHITE 


Write today for FREE illustrated informative 
brochure ‘The D. A. R. T. Program” 
For technical and engineering data on the 
D. A. R. T. Reactor or other types of 
research reactors, contact Mr. A. C. Stanton, 
Director, Domestic Sales or Mr. W. K 
Kirchhoites, Director, Foreign Sales 


& 
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U.S. RADIUM 


RADIATION AND LIGHT SOURCES 
TAILORED TO YOUR SPECIFICATIONS 


A 


, 


Beta gauge sources for 
thin stock; many configur- 
ations, intensities, ener- 
gies. Low energy sources 
incorporate Mylar or mica 
windows, contain Kr°°, 
TI204, H!, ci, Nie?) Pmt 47, 
Sr”, 


Extended gamma sources 
utilizing active foil for 
extreme uniformity of 
emission along source 
axis; for liquid level and 
interface gauges, incorpo- 
rates either Ra, Co®, 
Cs!34 , Cs!87, Ey!52, 


Custom light sources and 
source holders for process 
control instrumentation 
Sources feature selective 
spectral emission, long 
stable life, utilizing either 
solid or gaseous beta 
emitters. Minimal extra- 
neous radiation 


SHS SSES ESSERE EEE REE EES 


é 


Neutron sources for reac: 
tor startup, activation and 
H-content analysis, bore 
hole logging. Total emis 
sion from 2.5(10*) 2.5 
(10’) n/sec. Provision for 
magnetic handling; cal 
ibration (+ 15% to NBS 
standard) optional 


High brightness obstruc 
tion markers, backlighted 
exit signs, and mainte- 
nance-free signal lamps 
all utilizing long-lived non- 
toxic beta-emitters. Re- 
flector prototype (illus. 
trated) designed to your 
spec. Brightness to 1000 
ul. Visibility to 500 yds 


Gamma source, general 2” 
emission design for gaug 
ing, radiography, irradia 
tion 


Intensity: from uc. range 
to 300 millicuries. Co”, 
Cs'4, Ra, Eu'5? 
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Thin-walled gas-filled 
gauge sources provide 
highly uniform beta emis- 
sion over entire length 

for scanning wide stock. 
Broad range of intensities, 
utilizing non-toxic H®, Kr®®, 


Beta source, general man 
ual-handling design, mini 
mal extraneous radiation 
Excellent thin-window de- 
sign for low-energy betas 
Nies, H’, C4, Pritt 


Stable, sealed light 
sources for photometric 
reference, instrumenta 
tion, process control, Se- 
lective spectrum, bright 
ness from <1—1000 ul 
Calibration optional. 
Shielded, Utilizing H*, 
Kr85, Ci4, Sr, 
U. S. Radium will consult on design of sources 
to meet your specifications. Write Department F-5 


UNITED STATES RADIUM CORPORATION 


Morristown, New Jersey 
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RADIUM 


5942 W. Chicago Ave., Affiliates 

Chicago 51, Iilinois CANADA: Radelin-Kirk Ltd., 1168 Bay St., Toronto, Ont. 
5420 Vineland Ave., EUROPE: United States Radium Corporation (Europe) 
North Hollywood, California 36 Avenue Krieg, Geneva, Switzeriand. 
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Voltage (volts) 





| Ol 4500 





FIG. 3. Plateaus of two Epon counters 


long deadtime is a negligible problem 
at low counting rates. Helium is also 
less sensitive to gamma radiation than 
the heavier methane. 

The support and sample-slide mecha- 
nism are also cast of Epon resin to 
minimize natural radioactivity directly 
below the window. The sample-slide 
height is adjustable by means of a screw 
so that effective geometry can be stand- 
ardized. Two counters are mounted 
under a single anticoincidence umbrella 
and are separated by a l-in. wall of 
mercury in an Epon bottle (Fig. 2) to 
minimize ‘cross talk’’ between the two 


counters, 


Anticoincidence Ring 

After two unsuccessful attempts to 
construct a single, multiple-wire anti- 
coincidence umbrella, it was decided to 
use several G-M tubes as the shielding 
counter, 

A complete ring of tubes around the 
central counters was not used because 
there would be gaps between tubes and 
sample changing would be difficult. A 

folded-ring’’ system was chosen—a 
semicircular umbrella with additional 
tubes covering the gaps. This allows 
CaBY sample changing 

Eleven G-M tubes§ are used in the 
umbrella. All the tubes are connected 
in parallel electrically for normal oper- 
ation An 11-position switch is pro- 
vided so that each tube may be counted 
by itself to locate a faulty tube 

The over-all plateau of the eleven 
tubes in parallel was remarkably flat, 
although not quite so long as that of an 
individual tube because of variations in 
starting voltage. Specifically, the 
plateau was 200 volts long, with a slope 
of less than 2% per 100 volts. It 
should be noted, however, that a 
plateau as such is not required for the 
umbrella, the only requirement being 


Type TGC-16, Tracerlab, Inc., Boston, 


a 
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of the ionizing cosmic rays be 

4 more meaningful plateau 
result from measuring the 
counter background as the 
s changed on the umbrella 


Shield, Scaler 


The 8-in.-thick shield is made of 
teel bricks (4 & 4 & 8 in.)—lead 
contains a prohibitive amount 
radioactivity and emits trou- 
gamma-excited fluorescent 


Total shield weight is 


the sealer channels record 

ounter pulses less coincident 

i pulses A selector switch for 

rd channel permits counting um 

ilses or central-counter pulses 

incident umbrella pulses are 

d The latter measurements 

ible to determine if a high cen 

nter background is due to con 
or electronic difficulties 

il operating voltages are 

00 volts for the umbrella and 

00 100 volts for the central 


Counter Characteristics 


The plateaus of two counters are 
3. Gas flow is held at 

iin. Plateau characteristics 

ite rapidly at flow rates less 


gamma sensitivity of the central 
vas measured with a Zn* 
calibrated at 3 & 10° gammas, 
ered with a copper absorber to 
eta The observed counting 
{Sl epm indicates a gamma sensi- 

~O0.19 
efficiency of the mercury shield 
n the central counters was tested 
re®® source in one counter, 
counter showed a counting 
cpm, while the other showed 
epm With the source re 
econd counter showed 


0.06 cpm, indicating the shield 


i l-me Co™ source on top 
ield indicated that the 
mma activity allowable in 


f the counting assembly 


tandard deviation of the back- 
observed on this counting as- 
0.0lepm. The limit of sensi 
then considered to be 0.05epm 
BIBLIOGRAPHY 


J. L. Kulp, Nucieowtics 18, 


M. Brown, A. J. Cruick 
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tig) HEALTH PHYSICISTS 
a 


Let T A help you develop your 
PERSONNEL MONITORING PROGRAM! 


COUNT 
RATE 


Technical Associates has 
wide experience in the design and 
development of Personnel Monitors. 
Examples of this are the ALM-2 
Beta-Gamma Hand & Foot Monitors 
manufactured for the Argonne Na- 
tional Laboratory, and the HSC-1 
Hand & Shoe Counters built for the 
Hanford Works. 


These instruments do not require 
skill or technique by the user, and 
provide automatic reset to accom- 
modate a steady flow of personnel. 
The main difference between them 
is in the count rate meter principle 
used in the ALM-2 Monitor and the 
register read-out principle employed 
in the HSC-1 Counter. 


ALM-2 
HAND AND FOOT MONITOR 
REGISTER 
READ-OUT 





HSC-1 
HAND and SHOE COUNTER 





Inquiries Invited. In addition to the 
models shown, T/A is prepared to sup 
ply Alpha Hand Monitors or any other 
type required to meet specific needs 


Write for complete catalog entitied, 
“Instrumentation for Nuclear Research.” 


TECHNICAL 
ASSOCIATES 


Instrumentation for Nuclear Research 


140 West Providencia Avenue 
Burbank, California 














THE 

FABULOUS FRONTIERS 
OF NUCLEAR 

ENGINEERING 


Pioneering opportunities in nucleonics at Martin range 
from “packaged power” reactors for the industrial frontiers 
of the world to fundamental studies of reaction mechanisms 
in radiation chemistry for the whole new science of mate- 
rials development for the space systems of tomorrow. 

Never before have there been comparable opportunities at 
the frontiers of a new and horizonless science. Background 
experience not only isn’t necessary—it scarcely even exists. 

Result: fabulous futures for today’s beginners. 

Contact J. J. Holley, Dept. N-05, The Martin Company, 


Baltimore 3, Maryland. 
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Rare-Earth Solutions 
for 477 Counting 


By JUAN PASCUAL and 


| EDWARD C. FREILING 


Nuclear and Physical Chemistry Branch 


| U. S. Naval Radiological Defense Lab. 


>» 
| San Francisco, California 


To determine rare-earth absolute fis- 
sion yields accurately, solid-free solu- 
tions of rare-earth activities must be 
prepared for absolute-disintegration- 
rate determination by 49 counting. 


|The method described here is equally 


applicable to the preparation of lan- 
thanide, actinide, and yttrium solu- 
tions. With minor modifications it is 
suitable for preparing alkaline-earth 
solutions. It can also be used to 
recover rare-earth fission products 
heavier than Tb from lactate eluants 
in good yields whether or not carriers 
for these activities are present. 


Procedure 

Two milligrams of La carrier is 
added to an HCI solution of uranium 
and fission products. The rare-earth 
group is purified.* The individual rare 
earths are separated in a2-mm X 60-cm 
column of Dowex-50 in the NH,* form 
at 87° C, the lactic acid gradient elution 
conditions described by Bunney et 
il. being scaled down to these column 
dimensions. 

Those fractions of effluent that con- 
tain the activity of interest are com- 
bined and acidified with HCI to pH 2. 
The acidified solution is extracted four 
times with equal volumes of diethy] 
ether; with each extraction it is me- 
chanically stirred for 1 min. This ex- 
traction reduces the concentration of 
lactic acid to such an extent that the 
rare-earth activity can be adsorbed on 
passing the raffinate through a 2-mm 
by 10-cem column of Dowex-50 at room 
temperature. Washing with four col- 
umn volumes of deionized water frees 
the column of dissolved solids. The 
rare-earth activity is eluted with 6N 
HC, and finally the fraction of effluent 
containing the activity is digested with 
nitric acid to remove HC! and remain 
ing traces of ammonium jon 

Dilution of the nitric acid to a 
strength of 1M yields a solution with 
0.15 mg of solid or less per milliliter and 
well within the range of 49 counting 

kK. Bunney, bk. ¢ Freiling, L. D 
Kk. M. Seadden, Nuc reonices 16, 


2, SI (1957 
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ATOMS AT WORK FOR PEACE 


acf supplies Three Major 
Facilities for Europe 


Making important contributions to Europe’s growing Atoms- 
for-Peace programs, QC f Industries, Incorporated, is sup- 
plying major reactors to The Netherlands, Sweden and Italy. 
Both light and heavy water facilities are now under design 
and construction. 

QC f is engineering and constructing a 20,000 kw light 
water research and materials testing reactor for the Reactor 
Centrum Nederland, a 30,000 kw light water facility for the 
Atomic Energy Company of Sweden and a 5,000 kw heavy 
water facility for the Italian National Committee for Nuclear 
Research. 

The Nuclear Products-Erco Division of QC f is ac- 
tive in designing and constructing complete reactor facilities 
for power, research, materials testing and other purposes 
Inquiries relating to design and manufacture of reactors, 
components and allied equipment are cordially invited. 

Engineers and scientists interested in joining this large, 
well-staffed and well-supported group are invited to inquire 
into the many available opportunities. 


(left to right, seated): J. Pelser, Reactor Centrum Nederland; R. Vest- 
ergaard, Atomic Energy Company of Sweden; H. Etherington, Vice 
President, Nuclear Products-Erco Division of ACF and former 
Director of Argonne National Laboratory's Reactor Engineering Di 
vision; Dr. G. Franco, (CISE) for the Italian National Committee for 
Nuclear Research, (standing): G. Anderson, ACF Manager of 
Reactor Engineering; J. J. Dickson, ACF Assistant Manager of 
Reactor Engineering; R. M. Jones, AC F Manager of Marketing and 
Planning; B. Swenson and B. Nelsson, Atomic Energy Company of 
Sweden; H. Henkel, AC F Project Engineer 


products-erco division 


aC f industries incorporated, 508 Kennedy Street, N.W., Washington, 0.C. 
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qualifications? 


“With the right qualifications,” 
says Dr. Frank C. Brooks, 
Director of the Combat Oper- 
ations Research Group of 
Technical Operations, Incor- 
porated, “ascientist who wants 
to grow fits in here. We're a 
growing research organization 
with freedom to think, in an 
atmosphere of creative oppor- 
tunity. Right now, at Port 
Monroe, Va. and Monterey, 
Calif., we’re looking for an 


Applied Mathematician 
or Logician 


who combines strong back- 
grounds in logic and mathe- 
matics, with a knowledge of 
computer logic and experience 
in computer applications. We 
also need an 


Experimental or 
Theoretical Physicist 


preferably on the Ph.D. level 
with two years of experience 
beyond the degree. 


500 
iH C 25 volts 
2D 


S 
Pe or 
: = 
On} aS ‘ J 
offre 
Ly | S-iB 
+|30vRM-i2 Feedback loop 1Ok TOK} IOk 
| S-ID switches on H.V. supply 2 Calibration pots 


R-i = 36 Meg - Vow 
R-2= 36Meg- Vow 
R-3* 
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FIG, 1. D-c amplifier circuit for scintillation dose-rate meter 


Scintillation Dose-Rate Meter 
Is Reliable, Easy to Maintain 


By W. G. SPEAR simple d-c amplifier circuit utilizing an 
Biophysics Section electrometer tube and input resistors of 
Hanford Atomic Products Operation ~10'? ohms. Such systems, although 
Richland, Washington reasonably reliable, are subject to error 
and failure because of the exceedingly 

Portable exposure-rate instruments low available chamber current. 


The positions at Fort Monroe for beta-gamma measurements gener- The portable scintillation beta 
are on research and analysis 
teams tackling theoretical 
problems in military organi- 
zation and tactics, using com- 
bat models and war games, At 
Monterey, the emphasis is on 
the experimental study of 
combat, using the techniques 
of design and analysis of 
experiments and high speed 
computing.” 


Address: 
ROBERT L. KOLLER 
Operations Research Group 


ally use an ion-chamber detector and a gamma exposure-rate meter described 


TECHNICAL OPERATIONS, INCORPORATED 


South Avenue 
Burlington, Massachusetts 


FIG. 2. Ratemeter with cover removed; light shield is at right 
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WKNL 


IN THE NEWS 


NUCLEAR BATTERY 


Walter Kidde Nuclear Laboratories 
d Elgin National Watch Company 
announced the development 
miniature atomic battery capable 
electrical 


livering continuous 


for at least five years. 


battery, which utilizes the decay 
beta-emitting radioisotope as its 
if energy, is completely safe for 
Not yet 
battery 
hearing aids, 


ded personal use com- 


illy available the may 
illy be used in 
torized radios and wrist watches. 

tance to temperature extremes 
es additional use in missile and 


vork 


eriments 


and in scientific 


deep 


xp 
gS @>.@ 


NUCLEAR POWER PLANT 


WKNL has completed the design of 
cycle emergency nuclear power 
for the Corps of Engineers, Re- 

ind Development Laboratories, 
ort Belvoir, Va. Details of the work 
ified 


x * * 


NUCLEAR IRRADIATION 
FACILITY 


The portable gamma-irradiation fa- 
lity designed by WKNL for the B. F. 
Goodrich Research Center at Bre« ks- 
v O., was included in a recent re 
ignificant Cobalt 60 facilities 

in its second year of opera- 

lead pig was designed to meet 

owing Goodrich requirements: 
aximum irradiation volume in 


paces, weight limit of 5 tons, 


nal flexibility, uniform flux, 


ty and readily changed sources 


Co iltants 

to indu try 

on applications 
of nuclear 


technology 


WALTER KIDDE 
NUCLEAR LABORATORIES, 


INC, 
975 Stewart Ave., Garden City, WN. Y. 


Telephone Ploneer 1-4350 
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here employs a DuMont 6291 photo- 


multiplier tube and a thin crushed 
anthracene crystal weighing 200 mg 
em*?. The instrument has three ranges: 
0-10, 0-100, and 0-1,000 mr/hr. The 
crystal and light shield are thin to per- 
mit good beta response at 
energies. The device weighs 544 |b 


Discussion 
The 


stability of operation and low mainte- 


meter was designed for good 


nance cost. The use of a high-gain d-c 
amplifier with feedback following the 
photomultiplier tube eliminated the 
necessity for critically clean  high- 
megohm resistors with their inherent 
leakage problems 

A standard 36-megohm carbon resis 
tor 18 employed as the input-signal re- 
sistor on the most sensitive range. 
This size requires 7 X 107° amperes to 
obtain the 0.25 volt needed to drive the 
('K-5886 electrometer tube. 

The time constant of previous meters 
was 15 sec or more, whereas with the 
scintillation system the time constant 
is reduced to 5.5 sec on the most sensi- 


tive range { further reduction in 
time constant could be accomplished 
by reducing the 0.1-uf shunt-capacitor 
would 


value; however, this reduction 


decrease the instrument circuit 
damping. 

In the d-c amplifier circuit® (Fig. 1), 
the electrometer tube is coupled directly 
to a pentode cathode follower, which is 
arranged to match the meter impedance 
for optimum power transfer. Voltage 
feedback is applied to the input grid by 
means of R-1, R-2 or R-3, depending 
upon which range is used. This allows 
the signal current to change consider 
ably without greatly affecting the in 
put-grid voltage. The plate voltage 
supply for the electrometer tube is re- 
turned to the cathode of the cathode 
follower to increase the effective load 
impedance of the electrometer tube, 
and hence increase the potential gain 
of the circuit. The proper phase rela- 
tionship for feedback is retained 

A CK-5886 was 
trometer tube since it has a transcon- 
1,000 pmhos. To 
keep the grid current as low as possible, 
held to about 15 


volts with | wa of plate current flowing, 


used for the elec- 


ductance of near! 
the plate voltage is 


This allows the use of smal) hearing-aid 
batteries since the combined quiescent 
direct current for the electrometer tube, 


electrometer-screen voltage divider 


and cathode-follower plate current is 


*N.F. Moody, Rev. Sci. Inatr. 83 (1951) 


the lower | 


SCINTILLATION 
PHOSPHORS 


introducing 


NE 400 


for new simplicity and 
efficiency in neutron 
detection 


This is @ new ty 
composition with Ins 


boron polyester 
(Ag) activator 


@ Excellent neviron to gamma response ratic 
(100 te 1 fer Pe-Be) 

© High detection sensitivity 

© Supplied in thin disks of various diameters 


PLASTIC PHOSPHOR 
NE 102 


Our new plastic scintillator possesses 
an extremely high light evtpyt (60-65% 
of th ). WW provid superior 
performance at high counting speed, 
with maximum efficiency ond greotest 
economy. Aveoilable in any size or 





LOADED LIQUID 
SCINTILLATORS 


in bulk or aprwwlated taining Pe 
(for uray sensitivity), Gd, 8 or Cd 
for nevtren detection, and Scintilleting 
Gels for internal counting 





SCINTILLATION 
CHEMICALS 


Wide range of highest purity moterials 


Our INSTRUMENT 
DIVISION 44... ine 


Mark Vi, VIA, and IX SCINTILLOMETERS 
for geophysical applications 


where research COUNTS 


enterprises lid. 





1750 Pembina Highway 
WINNIPEG 9, CANADA 


Associate Co: 
Nuclear Enterprises (G.8.) Ltd., 
Bankhead Medway, Sighthill, Edinburgh 11, Scotland. 
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Lelab metal-walled G-M tubes fer entt-colncidence 
applications—where uniformity counts! 


Except for a glass bead insulator, Lelab Counter Tubes are constructed entirely 
of metal, The metal cylinder is used both as the envelope and the cathode 

The restriction of all component parts within the diameter of the tube permits 
close stacking. Each counter is custom-built, filled, and tested in order to in 
sure stability and uniformity 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY 
(Rebinson-Selverstone Type) 


Made especially for neurological surgery and other purposes requiring a minia 
ture probe tube. The small needle-like probe provides an ideal way of measur- 
ing radioactivity in vivo and for probing small areas with a relatively strong 
field intensity 

Write for complete information 


H. W. LEIGHTON LABORATORIES, York & Sunset Lane, Hatboro, Pa. 








REACH, GRASP, LIFT 
anywhere in hot cell 


The General Mills Mechanical Arm in- 
creases many times your strength and 
dexterity, enables you to perform heavy- 
duty, delicate or intricate tasks with 
equal ease —remotely 
« Lift and carry 750-/b. loads 
e Handle delicate equipment 

« Assemb/le complex machines 
Fully coordinated, pistol-grip con 
trols are easily mastered, Adaptable 
to telescopic or television viewing; 
easily mounted on crane or vehicle 
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MECHANICA 
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To -900 volts, d-c at 20 ya from 
single transistor osciliotor H.V. supply 
R-1* 18 megonms ew 
R-2 to R-i l= (Omegohms Yew 











FIG. 3. Wiring of DuMont 6291 photo- 


multiplier 


only about 120 wa Zeroing the instru- 
ment is accomplished by varying the 
screen-grid voltage of the electrometer 
tube. This is preferred to varying the 
control-grid bias, since the grid current 
is quite dependent upon grid bias, and 
it is desirable to hold this bias within 
narrow limits. 

The 100,000-ohm resistor in the 
cathode circuit of the electrometer tube 
may be varied by +10% if necessary 
when the electrometer tube is replaced 
to place the new tube at its correct 
operating point. Three range-adjust- 
ment rheostats are available exter- 
nally for calibration 

Sensitivity. Varying the 25,000- 
ohm rheostat in Fig. 1 varies the re- 
sponse time and sensitivity of the 
instrument, with the undesirable fea- 
ture of decreasing zero stability with 
increased sensitivity 

or measurements not exceeding 15 
or 20 min, the sensitivity may be in 
creased to 1 or 2 mr/hr full seale on 
the first range with assurance that the 
zeroing will be stabilized for that short 


period, Adjustment of the rheostat to 


give <5% error in zero stability over 
a 4- or 5-hr period results in a maximum 
sensitivity of about 10 mr/hr full scale 
on the most sensitive range 
Zero-adjusting. The 
must be zero-adjusted on each range 


instrument 
since the constant photomultiplier 
dark current through the three different 
range resistors gives different grid volt- 
ages and, hence, different meter read- 
ings Since the grid resistors are in 
ratios of 10, Le 
the variations in meter zero adjustment 


36 and 0.36 meg, 


when changing ranges are appreciable. 

When switching ranges, a light shield 
consisting of a brass slide in a thin 
aluminum housing, as shown in Fig. 
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FIG. 4. Ratemeter calibration curves 
tained with radium sources 


laced between the anthracene 


) ' 
& t 
l 

i 


rystal and the photomultiplier. This 
method allows the photomultiplier- 
lark-current meter reading to be zero- 
vljusted under any field conditions 
since light photons being emitted by 
the crystal are not striking the 
photocathode ' 

Insertion of the light shield is ac- 
omplished by inverting the instru- 
ment so that gravity pulls the shield 
lown. With the shield in place, the 
instrument may be rotated to a hori- 
zontal position and then zero-adjusted. 
After adjusting, returning the instru- 
ment to the normal vertical position 
restores the shield and the instrument 
s ready for operation. 

Slide sticking is minimized by using 
in aluminum housing and a _ brass 


shield. The complete operation of | 
switching ranges and adjusting can 


be accomplished in 15-20 sec. 


Since the grid-input resistors are of | 


relatively low values compared with 
grid resistors in ion-chamber instru- 
ments, the precautions of careful clean- 
ing, insulator selection, switch selec- 
tion, and grounding of all resistors 
except the one in use are not neces- 
sary. This lowers costs too. 
High-voltage supply. The high- 
oltage supply is a single-transistor 
supply.T 
The supply, powered by mercury 
cells with a battery life of 300-400 hr, 
delivers a negative 900—-1,000 volts at 
20 ya to the photomultiplier cathode. 
The negative high voltage is used so 
that the tenth dynode of the photo- 
multiplier is grounded through an 
I8-meg resistor with no high volt- 
ize applied to the anode. Asa result, 
the photomultiplier anode can be 
coupled directly to the electrometer- 
grid 
rure 3 shows the photomultiplier 


ng schematic diagram. 


Results and Conclusions 


[he instrument-calibration curves 
btained with radium sources at vari- 


W. G. Spear, HW-38682 (1955) 
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For Direct Readings as Low as 


ampere 


Rely on the CURTISS-WRIGHT 


DYNAMIC CAPACITOR 
ELECTROMETER 


(Modeil NA 100) 


ELECTRONICS: 


Measurement of semi- 
x conductor parameters, 
, 4 low-level voltages, 
static charges, float- 
ing grid potentials, 
grid currents, and in- 
sulation resistance 


INDUSTRY: 


Beta and gamma 
gouge control systems 


PHYSICS and 
CHEMISTRY: 


d>) Mass spectrometry, pH 
measurements 


NUCLEONICS: 


Reactor control ond 
radiation monitoring 
systems 


BIOPHYSICS 
and MEDICINE: 


Measurement of 
stomach acidity, skin 
and cell potentials, 


Write for Bulletin WA 100 
Electronic instrur ents Departme: 


A current of 10-16 amp consists of a 
stream of only 625 electrons per second. 
No wonder it takes an extremely sensi- 
tive instrument to measure such traces 
of moving electrons. 


The Curtiss-Wright Dynamic Capaci- 
tor Electrometer will detect even 
smaller currents, since one meter divi- 
sion represents 2 x 10-!7 ampere, which 
is well above the noise level. Measure- 
ments up to 10°5 amperes can be made 
at an accuracy of + 2%, not including 
accuracy of input resistor. 

When used as a millivoltmeter the NA 
100 model has 10, 100, and 1,000 mv 
ranges with extremely high input im- 
pedance — 10!5 ohms. For micro-micro- 
ampere measurements, 105 to 10!3 ohm 
input resistors in decade steps are used. 


Stability in such an instrument is of 
major importance. The drift in the NA 
100 is less than * 1 mv per day. This 
stability can be attributed in part to the 
exclusive, diaphragm-type dynamic ca- 
pacitor and also to inherently stable AC 
amplification. The dynamic capacitor 
operates at a 1,000 cps carrier frequency 
and therefore discriminates against 60 
cycle pick-up. Price F.O.B. Carlstadt, 
N.J., $1,075.00. 


ELECTRONICS DIVISION 


= CURTISS-WRIGHT 








Forword direction 
nstrument longitudinal axis 
Scale divisions 


Ra gamma 
source 
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Crysta 
careers in the peaceful 
applications of atomic energy 

. Scale divisions 
PHYSICISTS 


For senior research positions. 
Advanced degree or experience in 
related fields desirable. 


. Crystol 
Develop theoretical methods for the treatment of : toe 
new and unique problems in reactor criticality and 


kinetics, thus providing a scientific base for the + eee 


development of nuclear reactors. 














FIG. 5. Ratemeter angular-response 
curves. Sources are essentially point 
sources. Measurements were made on 
5-in. radius. Readings were on O-10- 
mr/hr range with full scale of 10 divisions 


EXPERIMENTAL 


Perform and analyze neutron physics experiments 


to provide basic physics data for the study of new 
reactor concepts. Also 





K’ Source and Filtered x Roy 
200 
— = = = a ae —- - - 
to investigate the nuclear 120- —160—— 
ra} Energy (Mev) 
behavior of advanced reactor prototypes and zero } ¥ 


power critical experiments, 


Van de Graaff and Gold Target 
Write: Answer will be prompt and confidential 


ATOMICS er 
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3 INTERNATIONAL ener Mev) 
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Mr. G. W. Newton, Personnel Office, Dept. C-51 RG. 6 Gatemeter eneray-depenteme 
21600 Vanowen Street, Canoga Park, California 


curves 
(in the Suburban San Fernando Valley, Los Angeles) 


ou listances showed good linearity 
Figure 4 shows the curve for the 
|.000-mr/hr range; the other ranges 
i good linearity The instru- 
ment reading versus point-source 
position curves are shown in Fig. 5 
The battery life of the instrument is 
~Z00 hr of continuous use 
lemperature-dependence tests from 
20° F to +160° F revealed no faults 
although a slight zero-setting change 
was noted because of the change in 
dark current of the photomultiplier 
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FILM BADGE 
SERVICE 


For Beta: 
® Doses measured from 10 mrep to 100 rep. 


* Body or wrist badges supplied 


For Gamma & X-Ray: 
® Sensitivity—as low os 10 mr per week 
Dose Ronge—!0 mr to 500,000 mr 


Range—50 KVP X-rays to 3 Mev 
gamma roys Several filters used to esti 
mate effective energy 


Energy 


For Neutrons: 


® Fast and slow neutron exposures differ 


entiated by cadmium shield 
® Proton tracks greater than 4 grains in length 


observed at 900X magnification 


* Enough film area examined to measure 
average weekly doses of 50 mrem through- 
out one yeor to within 10 per cent. 





| @ Professional attention to each evaluation 
@ Permanent legal records of each film 
@ Positive x-ray identification of film in badge. 


HEALTH PHYSICS 
SERVICES, INC. 


1111 Low St., Baltimore 2, Md. 





Just Published! 


NUCLEAR REACTOR 
DATA 2nd Edition 


This authoritative new booklet lists prin- 
cipal characteristics of 142 of the World’s 
reactors and nuclear power plants. Price 
$1 per copy (quantity discounts available). 
Please enclose remittance with order. 


Write today to: 
Reactor Booklet 


RAYTHEON MANUFACTURING CO. 
Waltham 64, Mass. 
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FIG. 7. Extracameral-effect scanning 
curves obtained with 200-kev X-rays and 
2-mm slit in lead shield 50 ft from X-ray 
tube; both curves were measured on 0—-100- 
mr/hr range. Side scan was made with 
L¢-in.-thick %4-in.-wide lead strip shielding 
edge of photocathode 


at the various temperatures involved. 
This problem is resolved by rezeroing 
the instrument if the temperature 
changes markedly 

Figure 6 shows the energy-depend- 
ence The first 
23 kev to 100 key 
X ruy 


curves curve from 
was obtained with 
various A and the 
200-kev point was obtained 
filtered X-ray The curve 
shows the from 200 kev to 
2.0 Mey with the points from 750 kev | 


to 2.0 Mey obtained by using a Van de 


SOUTCCS, 
usInNg a 
second 


results 


Graaff accelerator and a gold target. 
The two curves in Fig. 7 show the 

crystal response and the extracameral 

effect from the photocathode obtained 


by using the 200-key X-ray 


and a 
2-mm-wide slit in a lead shield 50 ft | 
from the X-ray 


tube It is apparent 
that the 


shield around the photomultiplier pho- 


from curve A L¢-in. lead 


| 


tocathode is necessary to reduce to a} 
negligible amount the extracameral re- | 
sponse, for the particular field strength 
may be reduced to zero on the meter. | 

The use of a 200-mg/cm? crushed | 
15-mg/em? | 
lighttight covering of Mylar and black 


anthracene crystal and a 


optical tape over the crystal resulted | 
ratio of 2:1 the | 


crystal }¢ in. from a calibrated ura- 


in a reading with 


nium slab. The ratio is obtained by 


dividing the true dose rate from the 


slab by the reading obtained 
> * 

The author wishes to ach 
of L. V. Zuerner in ol 


Thia work wae perso 


nowledge the aid 


Energy Commi inder contract W-3]- 
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ities are large and versatile 
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By designing and testing 
your system at Dian Lab- 
oratories before constructing 
it, you can achieve optimum 
performance and eliminate 
costly chan, in the actual 
hardware. We will be happy 
to provide full information 
on Dian Laboratories An- 
alogue Computing Services. 
Write for brochure. 


IDIAN 


LABORATORIES, INC 


611 Broadway 
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MEMORANDUM: 


From the Desk 
of the President 





To: Purchasing 
Department 


Investigate Davison's 
entry into the 
thorium and rare 
earths field. 
Stand they are pro- 
ducing materials 
which should be of 
interest to us. 


Under- 


They have a 
reputation for de- 
pendability of prod- 
ucts 


and service, 


rr 


Two plants, one at Pompton 
Plains, N. J. (formerly Rare 
Earths, Inc.) and one at Balti- 
more, Md. are in operation, 
Your inquiries concerning 
products, samples and research 
and development services are 
welcome. 


Progress Through Chemistry 


DAVISON CHEMICAL COMPANY 


Division of W.R Grace & cog 


Baltimore 3, Md. and Pompton Ploins, . J, 








Programing Digital Register 
for Automatic Counting Plots 


By D. S. HARMER and R. A. JAMES 


Department of Chemistry, University 
Los Angeles, California 


In many counting situations where 
accuracy is desired, the data are either 
recorded by hand or on tape (1) and 
then plotted by hand. If several runs 
are made, the labor and time consumed 
in data plotting become quite large 
To avoid these disadvantages, readout 
is frequently provided by a counting 
rate meter and recorder with attendant 
sacrifice of accuracy 

The programing digital reader (PDR) 
described here eliminates these dis- 
advantages and combines the advan- 
tages of the printing register and the 
counting-rate-meter naethods 

With the PDR, the counting interval 
can be set long enough to average out 
the statistical 
counts can be plotted directly by a two- 


fluctuations, and the 
axis graphic recorder. The count and 
readout circuit used in the PDR elimi- 
nates the drift and calibration prob- 
lems of most electronic readout devices. 
The circuit has a stability and accuracy 
of readout equivalent to hand-plotting 


the data on a similar scale 


of California 





Counting Rote 


100 200 300 400 
Mognet Current (ma) 











FIG. 1. Beta spectrum of Cs'*’ using PDR 
and low-resolution spectrometer; dots 
printed by recorder are circled 


Since the counting time sequence, 
and duration of opening and closing 
auxiliary circuits can be varied easily 
to suit the needs of a particular count- 
ing situation, the instrument also can 


be used in many other readout or pro- 
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FIG. 2. Register section of PDR 
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FIG. 3 
operating 


Programing section of PDR. 
sequence: 


timing—contacts L2-B, 3-1 closed, 4-2 open; 


Mechanical connections of K-30! are not shown; 


time out-—contacts 


12-B, 4-2 closed, 3-1 open; reset—all contacts open 


FIG. 4 


graming applications to replace the 
counting-rate meter or printing register 


and programing devices 


Applications 


Che PDR has been used for program- 
ing the readout in a magnetic beta-ray 
spectrometer (Fig. 1), in a single-chan- 
nel pulse-height analyzer with a step- 
ping switch to change the baseline volt- 

and to program data recording 
a traffic counter 
of detectors, all with 


The gamma spec- 


cay curves on 

t variety 
isfactory results. 
trum of Na*? 
height analyzer has been recorded 


from a single-channel 
pulse 
simultaneously by a traffic counter and 


the PDR 
resolution of the recorder used, 


with no deviations within the 


For application where the logarithm 


of the count is desired (as 
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in decay 


Front view of programing digital reader 


curves), the linear voltage divider could 
be replaced by a logarithmic one having 
the same applied potentials and total 
resistance, or a logarithmic recorder (2) 
could be used 

The basic instrument is also adapt- 
able for use with conventional multi- 


channel analyzers to reduce the time 
and labor involved in reading and plot- 
ting data. One register section similar 
to that described 


the original register in each channel, 


here would replace 
and the programing section would in- 


clude a provision for reading each 
register in turn and plotting the counts 
accumulated vs channel number before 
resetting the 


the reading and plotting sequence could 


register. The whole of 


be completed in a few seconds with 


great advantage in work with short- 


lived nuclides. No special memory 


FOR MEASURING 
RADIOACTIVE 
EMISSION 


PRECISION IONIZATION METER 
(Failla Design) 


This complete measuring instrument is 
designed primarily for null methods of 
radioactivity measurement where back- 
ground radiation effects must be elimi- 
nated. It consists of a heavy stand sup- 


aes twin spherical ionization cham- 


rs, Lindemann Electrometer with il- 
system, to- 
and 


lumination and projection 
gether with standard condenser 
voltage supplies. 


Other CAMBRIDGE Instruments 


LINDEMANN. 
RYERSON 
ELECTROMETER 


has high sensitivity and good stability 
Does not require leveling. When reading, 
the upper end of the needle is observed 


on a scale illuminated through a window 


in bottom of case. Size 8.3 x 6.5 x 3.5 


cm. Weight 0.17 kg. 


CAMBRIDGE PORTA- 
BLE PROJECTION 
ViewEeR—-This new 
Projection Viewer, 
used in conjunction 
with the  Linde- 
mann-Ryerson Elec- 
trometer, facilitates 
observation of the 
deflection of the electrometer pointer, A 
beam of light from a lamp in front 
of the case projects the image of the 
index pointer onto a mirror in the rear 
of the case. This image, magnified 100 
times, is then reflected upon a trans- 
lucent screen, clearly visible in the front 
and upper part of the case. This screen 
is 120 mm. long and is divided into 120 
divisions numbered 60-0-60. The pointer 
is zeroed by grounding the electrometer 
by means of a rubber bulb 
“CHANG and ENG" FAST NEUTRON DETEC- 
ToR follows closely original design of 
U. S. Atomic Energy Commission. Con- 
sists of twin ionization chambers, Linde- 
mann Electrometer, reading microscope 
and dry cells. Self-contained. 
GAMMA RAY POCKET DOSIMETER is a per- 
sonnel monitoring instrument to measure 
cumulative exposure to gamma or x-rays 
over a given period. Contains an ioniza- 
tion chamber, a quartz fibre electrometer 
and viewing system. 


Send for complete information 


CAMBRIDGE INSTRUMENT CO., INC. 


Pioneer Manufacturers of Precision Instruments 
3527 Grand Central Terminal, N.Y. 17, N.Y 
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ways better at 
watching over you 


1 wide intensity range 


Records exposures low as 50 mr, high os 
300,000 mr. 


2 wide energy range 


Gamma, beta, x-rays (soft and hard) neu 
trons, single or mixed exposures 


3 “control” safeguard 


Separate control bodge gverds against 
accidental fogging. 


4 double-sure identification 


1 code printed on wrapper 
2 x-rayed on film 


5 no loading or unloading 


Wear badge as received, return it intact 


6 prompt reporting 


Dependable, easy-to-read, too 


7 compact, lightweight 


See size above: less than | oz 


8 attractive, unobtrusive 


Clips on firmly, won't catch clothing 


Q durable 


Secure snap-locks, 
won't break 


won't come undone, 


Te subscribe, call any Picker X-Ray 
lecal office (see your ‘phone book) or 
write te Picker X-Ray Corporation, 
25 Se. Broadway, White Pleins, N.Y. 


circuit such as has been used previously 


(3) would be necessary 


Register Section 

Used in conjunction with a scaler, 
the PDR 1 ,OO0- 
count-capacity register converting the 
the 
decimalized voltage suitable for input 


acts as a decimal 


register counts from sealer to a 
to a recorder 

Three rotary stepping switches (K-1, 
K-10, K-100 in Fig. 2) are 


de ade Switches 


utilized as 
counters were 8e- 
lected in which stepping occurs when 
the coil is deenergized; i.e., the switch 
is electrically cocked and mechanically 
tepped. One of the contact banks on 


each switch is utilized to step once 
automatically to eliminate the eleventh, 
or “off,” position for decimal switch 
operation (1). The high speed of self- 
operated stepping prevents any count 
loss due to the automatic step. The 
same bank of contacts on K-1 and K-10 
is utilized to operate the next relay 
(K-10 and K-100, respectively) at the 
tenth count for decade counting. 

At the end of counting, the reset re- 
lay A-202 can be operated manually by 
the 


closing of contact V of K-303 (see Fig. 


closing S-204 or automatically by 


3). Relay K-202 then applies power 
to all decade coils through the inter- 
the 


decade 


rupter springs and normally-off 


The 


automatically to 


switches. switches step 


their zero position 
where a cam on each opens the nor- 
mally-off switch, removing power from 
the coil. 

A second bank of contacts on each 
relay (bottom bank in Fig. 2) operates 
neon register lamps (NE-2’s) on the 
front panel (see Fig. 4), which gives a 
visual indication to the operator of the 
The 
checking 


count registered on the switches 
lights provide a means of 
operation and standardization of the 


PDR 


to coin ide 


The recorder span is adjusted 
with the the 
PDR so the seale on the graph paper 


register ol 


used reads register counts directly. 
The third bank of contacts on each 
switch (center banks in Fig. 2) is con- 
nected to 
network (#-2, R-12, and R-102) in such 
that the output 
directly 


a precision voltage-divider 
& manner voltage 
at J-202 is proportional to 
the the 
switches has a separate network and 
that the 
registered on each can be added to give 


registered counts. Each of 


current source 80 voltages 
the proper output. 

The resistors R-1, R-10, and R-100 
provide means of measuring the current 
in each network with a potentiometer 
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topes, Cyanides, Acids, Bacteria and Other 
Dangerous Solutions 
This amazing new instrument is now stand- 
ard equipment in government, medical and 
industrial laboratories throughout the na- 
tion. Offers more precise measurement (to 
0.01 cc), more complete control, and 
avoids all the risks of mouth pipetting. 
Holds set level indefinitely, fits any pipette, 
operates easily with one hand. Order a 
supply of PROPIPETTES now, $6.90 each 


INSTRUMENTATION ASSOC. 
17 West 60th Street, New York 23, Dept. N.-3 
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through J-1, J-10, J-100 for standard- 
izing the output voltage of each decade. 
Current adjustments may be made by 
means of screw-driver adjustments of 
R-3, R-13, and R-103. 

For simplicity and stability the cur- 
rent sources for the networks are mer- 
cury cells (Mallory type RM-12R); B-1 
ind B-10 are single cells; and B-100 
onsists-of nine cells in series. The 
tapped resistors R-2, R-12, R-102 have 
10, 100 and 1,000 ohm steps, respec- 
tively, and with l-ma current flowing 
in each, the output voltage steps are 
0.0100, 0.1000 and 1.000 volt. Preci- 
sion wire-wound resistors (+0.05%) 
have been used for the networks, giving 
the PDR an output-voltage accuracy 
well within the limitations of conven- 
tional recorders. 

he recorder used with the PDR 
should have an input impedance 
greater than 100 kilohms to prevent 
loading of the voltage dividers, which 
would introduce errors in the recorded 
count. The 10-volt output total was 
selected for use with a Moseley Auto- 
graph model 1 recorder with printing 
pen 

To facilitate standardizing the re- 

order to the PDR and to facilitate 
checking register-relay operations, a 
telephone dial (S-203, ‘‘ Register Test’’) 
and a three-position switch (S-202) are 
used to supply a given number of pulses 
to any of the decades, The recorder 
span may be adjusted so that the re- 
corder reads correctly over the whole 
range using S-203 to set up any desired 
count on the register. 


Programing Section 


Che programing section of the PDR 
controls two basie operations: timing 
of the counting interval and timing of 
i sequence of auxiliary operations oc- 
curring at the end of the counting 
interval 

Count timing is provided by a Micro- 
flex sequence timer, K-301, which can 
be set from the front panel to the de- 
sired counting time. At the end of this 
interval a single-cycle sequence timer, 
K-303, is energized. K-303 then oper- 
ates a preset sequence of switches for 
automatic control of the PDR and 
other instruments. 

The programing section can be used 
ilso for programing the operation of 
counting and recording instruments 
without using the register section with 
its recorder readout, if other types of 
data recording are desired in a particu- 
lar situation. Thus, because of its 
wide range of programing possibilities 
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news. 
JORDAN 


Remote Area Monitoring System 


FILLS YOUR RADIATION MONITORING NEEDS 


Ruggedized . . . Stabilized ... with Improved Reliability 


Simplified operation @ 

Reduced maintenance and installation costs @ 

AC circuit, 110V, 60cy (no batteries) © 

Monitors up to 20 channels from ONE contro! unit @ 


All features of RAMS I and its accessories combined ine 
integrated station units 


Each station unit panel contains all indicators and @ 
controls for that channel 


Chambers can be located up to 2 miles from the control @ 
unit (without secondary amplification) 


Start with one control unit and one station unit panel © 
and expand system as required 


32 types of standard plug-in 
station units are available 


from stock 


4 asic STATION UNITS: aS). Pee 


1. NON- INDICATING 

(Read meter on control panel) 
. INDICATING METER 

(For continuous monitoring) 


METER RELAY 
(To actuate alarm circuits) 


INDICATING METER RELAY 
(To actuate alarms and moni 
tor continuously) 


EACH of the 4-basic station units is available with choice of: : 


1 or 2 ranges of 3 logarithmic decades each 
providing | ; 1,000 range without switching 
Accuracy equal for any level 


Remote calibration check source to verify * 
accuracy at any time 


Small: (CG-1) Chamber for high radiation intensity * 
(10mer/hr - 100,000r/ hr) and up Large: (CG-50) : 
Chamber for fast response at low levels (Below 10mr) -° 


In-Stock plug-in units offer simple modification to satisfy 
changing requirements 


Monitors up to 20 channels from ONE control unit 
available in any number of station units desired (1-20) 


All station units are provided with output to operate a * 
10 mv. potentiometer recorder 


REPRESENTATIVES IN PRINCIPAL CITIES : 


for informative brochure and complete technical data, write 





ELECTRONICS, INC. 


A subeidiery of PANELLIT, Ine 





(Dept. N-6) 3025 W. Mission Od, Alhambra, Calif 











ANALOG COMPUTER 
MODEL 3000 


Simplified analog computer solves wide va 
riety of engineering problems. Detachable 
problem boards and plug-in components fa 
cilitate rapid problem set-up. Function gen 
erator, multiplier, chopper stabilizer, and 
other accessories available. Write for com 
plete data. Model 3000, $1150 FOB Factory. 


Problem board $95 
f) () f ft P company 


637 Galindo Street 
Concord, California 





| the PDR can be used to replace several 


types of fixed-sequence programing 
devices commonly used in counting. 
For automatic programed oper- 
ation, the timer “ reset’’ switch, S-303, 
is closed, and the count-time-“‘start”’ 
switch, S-304, is closed momentarily 
supplying power to the motor and 
clutch of the “count-time” sequence 
timer, K-301. Contacts L2-B and 3-1 
of K-301 then close, maintaining a-c 
power to the motor and clutch, in addi- 
tion to starting scaler counting by 
opening relay K-302, which acts as the 
switch. At the 
end of a preset time, set by the front- 
panel dial of K-301, contact 3-1 opens, 
stopping the motor of K-301 and open- 
ing the remote-count relay, which stops 


scaler remote-count 


the counting. At the same time, con- 
tact 4-2 of K-301 closes, energizing the 
starting relay of the auxiliary sequence 
timer, K-303. 


synchronous motor driving six adjust- 


This timer consists of a 


able cams, which in turn operate micro- 
switches for auxiliary programing. 
The cams are adjustable both as to 
time open or closed and as to position 
in cycle of opening or closing, so that 
programing can be varied to suit the 
particular situation. 

The cam sequence shown in Fig. 3 is 
a typical setting for 
As the motor of 
K-303 turns the cams, cam | allows its 


beta-ray-spec- 


trometer operation. 


microswitch to close, maintaining power 
to the motor; cam 4 then opens and 
closes, causing the recorder to print the 
registered counts; cam 5 closes momen- 
tarily, resetting the register to zero; 
cam 6 closes, applying power to the 
spectrometer scan motor advancing the 
magnetic field to the next point; cam 2 
then resetting the Microflex 
timer A-301; cam 3 then starts K-301 
so counting begins again; cam 1 opens, 


closes, 


stopping K-303 ready for the next 
The reset light, /-303, shows 


when the motor of K-303 is running. 


cy cle, 


The counting cycle may be stopped 
at any time by the reset switch S-303 
Provision is made so that K-303 always 
returns to the beginning of the pro- 
graming cycle, even though S-303 is 
S-306, 


means of opening the advance circuit 


open “‘advance,”’ provides a 


to prevent advancing of the spec- 


trometer if desired. A manual “ print” 
button, S-305, is provided for use when 
automatic operation is not desired, and 
as an aid to adjustment of the recorder 
span to the PDR output. A“ 
S-302, 


count’ 


switch, is also provided for 


manual or automatic operation of the 


scaler count circuit. The “count” 








JUST PUBLISHED 
RUSSIAN-ENGLISH 


ATOMIC 
DICTIONARY 


Over 23,000 entries 


By Dr. Eugene A. Carpovich 


futhor of the English-Russian Elec- 
trical Dictionary, 1939. English- 
Russian, Russian-English Electronics 
Dictionary, TM 30-545, US Army, 
GPO, Washington, D.C. 1956, and 
other dictionartes 


NUCLEAR SCIENCE and 
TECHNOLOGY 
PHYSICS, atomic and molecular 
MATHEMATICS, pure and applied 
CHEMISTRY, Chemical engineering 
BIOPHYSICS and RADIOBIOLOGY 
Medical and Biological terms 
Metallurgy and Metallography 
Geology U, Th. Crystallography 
Peaceful, Military uses of atom 


General terms. Abbreviations 


Price $12. Order from 


TECHNICAL DICTIONARIES CO. 
Box 144 
NEW YORK 31, N.Y. 








OPPORTUNITIES 


RADIATION 
DOSIMETRY 


For Chemists, Physicists 
and 
Electrical Engineers 
To develop and use Material 
Dosimeters. 
e 


Knowledge of Nuclear Physics 
or Radiochemistry needed. 


No previous experience in 
osimetry required, 


This is a staff position which 
will challenge the most vivid 
imagination 
Please send resumé of education 
and experience to Staff Em- 
ployment Section 565 


SANDIA 


CORPORATION 
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Gt 
mercury 
vapor 
detector 


tells instantly when a hazard exists 
in plant or lab atmospheres 


Meter is calibrated in mercury concen- 
trations for quick indication. The toxic 
limit is a full-scale reading on the high 
sensitivity scale of Model 23, illus- 
trated. Wt.: 7 Ibs.; size 13’ x 8%" x 
4\4"'. Three models for varying ranges. 
Write for bibliography on the mer- 
cury vapor hazard, and literature on 
Kruger Mercury Vapor Meters. 


HAROL RUGER 
IN Ss 


BOX 164 * SAN GABRIEL, CALIF. 





AIRMATIC 
Pneumatic Tube Systems 
for Sample Irradiation 


Specially engineered and 
manufactured for pro- 
viding fast and safe 
transmission of materials 
within the reactor core 
as well between the core 
and laboratory, test 
booth, etc. 

“Rabbits” of fiber, mag- 
nesium or plastic handle 
any type of test material 
and are propelled by vac- 
uum or a combination of 
vacuum and pressure. 


LAB 


We engineer and manu- 
facture all types of 
Pneumatic Tube Systems 
for overall plant commu- 
nications from Manual 
Systerns to Fully Auto- 
matic Systems 

For 
Further Information 

Call or Write: 


AIRMATIC <<% 
SYSTEMS CORP. 


Pr 


REACTOR 








Vol. 15, No. 5 - May, 1957 


| and slowly cool it under the stress. 


light, 7-302, shows the scaler count cir- 
cuit to be energized 

By suitable connection of either the 
normally open or closed contacts of 


K-303 and adjustment of the cam posi- | 


tions, any desired sequence of operation 
may be achieved 
> > > 


Thia paper is based on part of a disserta- 
presented by D. S. Harmer in partial 
fulfillment of the requirements for the degree 
of Doctor of Philosophy 

This work 


Atomic Energy 


tion 


was 8 by the U. 8 
Commission The authors 
wish to thank M K. K. Jensen and Mr 
R. W. Farmer of the Electronica Shop of the 


Department of Chemistry for their aasiatance 


ipporte d 
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PHOTOELASTICITY REVEALS PRESSURE- 
VESSEL STRAINS. Westinghouse engineers 
are using photoelasticity techniques for de- 
sign studies of reactor pressure vessels. 
Where numerous penetrations make it im- 
possible to compute the strains that result 
from pressurizing, a plastic scale model can 
be used to display them. Engineers make 
a model of a special epoxy resin (see Fig- 
ure at top for PWR model), heat it to a 
critical temperature, stress it with pressure, 
The 
result is a frozen-in stress pattern that be- 
comes visible when the model or sections of 
it are examined between crossed polarizers. 
Photo at bottom shows stresses frozen into a 
section of a model 


NEW 
CATALOG 


of radioactive chemicals 


and technical services 


This catalog is the most comprehensive ever 
published in the nuclear field. it describes the 
consulting, analytical and research services 
offered by Traceriab together with a listing of 
the isotopically labeled compounds and radia- 


| tlon sources now available These products 


are the result of our full decade of experience 


| in the design, development and manufacture 


of nuclear instruments, as well as our long 
record of consulting on radiochemical problems. 


Prepared specifically for those engeged in 
nuclear chemistry and applications of radio- 
activity, it will prove a useful and helpful 
reference in many ways 


TECHNICAL SERVICES 

Consulting 

Radioanalytical Services 

Training Courses 

Procurement of Radioactive 
Materials 


ISOTOPICALLY LABELED COMPOUNDS 

Carbon-14 Labeled Compounds 

Alphabetical List, C-14 Labeled 
Compounds 

Deuterium Labeled Compounds 

Tritium Labeled Compounds 

Important Radioisotopes Avaliable 
for Labeling Chemicals 

Short-lived isotope Labeled 
Compounds 

industrial Process Tracers 

Radioiodine Services 


RADIOACTIVE SOURCES 

Radiation Reference Sources 

Isotope Sources Not Requiring 
AEC Approval 

Radioisotopes for Educational Use 

Medical Sources 

Radiography Sources 

Multicurie Sources for Radiation 
Chemistry 

USEFUL TABLES 

Beta Emitters 

Hard Gamma Emitters 

Available Radioisotopes Listed 
According to Half-life 


Write for your free copy today. 


Tracerlah — 


1601 Trapelo Road « Waltham 54, Mass 
2030 Wright Avenue + Richmond, California 





Offices in principal cities throughout the world, 
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NUCLEAR ENGINEERING 


Fusion Power— 
The Pace Quickens 


The veil of secrecy that surrounds efforts at utilizing 
fusion reactions for power parted slightly when the U. 8. 
Atomic Energy Commission announced that a “large 
experimental device for research into controlled thermo- 
nuclear reactions” would be built at Princeton University, 
site of the Project Matterhorn branch of the over-all 
Project Sherwood for controlled thermonuclear power. 
While no details were given on the Model C Stellerator 
(as the new device will be named) Commission spokesmen 
used the occasion to provide a retrospective look at some 
of the early fusion-power research at another Project 
Sherwood site, Los Alamos 

The Stellerator. Here’s what was told about the new 
Princeton device: It is a research tool, very much larger 
than any Sherwood project machine built heretofore. 
Cost will be ‘‘a very substantial figure “a couple 
of scores of millions.”’ 

As implied by the model number this is not the first 
machine of the type to be worked on at Princeton. 

Construction timetable is as follows: architect-engineer- 
ing work for supporting office and laboratory facilities will 
begin in the near future, construction in the summer. 
Cost will be $2.8-million 
will get under way in 1958 and experiments with the new 


Facilities to house the device 


stellerator will not start till late 1960 
The stellerator is said to consist essentially of a hollow 


tube containing ionized gas Around the tube are external 


PERHAPSATRON, Los Alamos’ first (1953) apparatus for study 
of the pinch effect. Large structure is magnet used to carry 
flux through the center of doughnut-shaped discharge tube, 
shown at center 





oil oe 
DISCHARGE TUBE for Perhapsatron showing primary 
windings and iron cores of magnets used to heat and 
contain gas. Typically 4-yf, 15-kv condenser is dis- 
charged through turns that parallel doughnut-shaped 
discharge tube. Gas in tube is preionized with 27-Mc 
electromagnetic radiation 


COLUMBUS-type quartz discharge tube with accom- 
panying electrical circuits (1955) 


coils which produce a magnetic field to confine the gas. 
The object “to heat the gas to temperatures of millions 
of degrees and at the same time to confine the heated gas 
within the tube for sufficient time to allow fusion reac- 
tions to take place.” 

Nothing has been revealed about the size of the new 
stellerator, but the three-year construction period plus the 
fact that the Princeton researchers have outstripped their 
new $500,000 laboratory building would seem to imply a 
diameter of the order of over a hundred feet. 

Early fusion research. AEC also revealed some de- 
tails of early Sherwood devices at Los Alamos, devices 
whose very names were news when first revealed in 
Nucteonics (NU, Dee. ’55, p. 23). These devices were 
used to study the pinch effect in which the self-magnetic 
field of a current causes it to contract into a tight pencil 
removed from the walls of the container 

The devices (see figures) fall into two classes: Perhapsa- 
trons utilizing a toroidal electrodeless discharge similar to 
that studied by nonsecret groups at Tufts College and the 
University of Southern California (NU, Feb. ’56, p. 43) 
and Columbuses using a linear discharge with end elec- 
trodes, which bear a striking resemblance to the types 
discussed by Russian scientist Igor Kurchatov in his now- 
famous Harwell speech (NU, June ’56, p. 36) 





It’s Time to Look at 
Nuclear Merchant Ship Safety 


By R. A. FAYRAM* and H. J. SCHNEIDER} 


ferojet-Gieneral Nucleonics, San Ramon 


Programs aimed at development and 
construction of nuclear-powered mer- 
hant ships are known to be under way 
vy imminent in several countries, in- 
S., Norway, Great Brit- 
iin, Sweden, West Germany and Japan. 


iuding the I 


During the early development work, 
ind certainly before any possible large- 

ile production programs, much 
uught must be given to safety meas- 
“Third-party ”’ 


esponsibility will some day be imposed 


ire for such vessels. 
mn ship operators, certain governmen- 
tal agencies, labor groups, public health 
organizations, insurance firms, and pos- 
D even the shipbuilders, The con- 
ern now is with developing an ade- 
quate set of principles and procedures 
for minimizing nuclear-ship hazards, 
The central question of nuclear-ship 
afety concerns unforeseen accidents, 
ich as ship collisions and sinkings, 
with the accompanying possible release 
of accumulated radioactive materials. 
Che mobility of the ship and the me- 
dium in which it moves make this safety 
question different from the problem for 


land-based reactors. 


Possibility of Accidents 


lhe first consideration requires that 

1 nuclear ship be designed with the an- 
ticipation that it may quite likely suffer 
With the present trend 
1) toward supertankers and giant 

bulk-cargo carriers of up to 85,000 tons 
dead weight, it seems conservative to 
estimate from historical data that there 
may be about 7 accidents per year of 


in accident 


minor to major degree involving ships 

ver 20,000 tons dead weight (the 
size of proposed nuclear vessels). Per- 
haps about 3 or 4 of these will occur in 
or near ports, or in contained bodies of 


Correspondence may be 
tichard Brooks, Aerojet-Gen- 
eral Nucleonics 

t Student, Department of 
Engineering 
serkeley 
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* Deceased 


lirected to 


Mechanical 


University of California, 


California 


water such as the Mediterranean, San 
Francisco Bay, etc. When nuclear- 
ship programs are in full stride, say 
about 1970, they may suffer one or two 
of these accidents each year near popu- 
lated Thus, land- 
based reactors may be designed with 


areas although 
the understanding that major catastro- 
phes (earthquakes or floods) are quite 
unlikely, ship reactor designs must con- 
sider the fact that earthquake-propor- 
tion damage is a real possibility 


Water Contamination 


The fact that the failure of a nautical 
reactor will occur over a body of water 
further complicates the hazard picture. 
Depending on the circumstances, the 
water could either suppress or acceler- 
ate the release of fission products to the 
atmosphere. 

In addition, the amount of radioactiv- 
ity present in a ship-size reactor is large 
enough to make contamination of the 
water body itself 
typical merchant-ship reactor provid- 


a consideration, A 





Contamination of Various Bodies of 
Water* 


Contamina- 
tion (10°*° 


curves /liter 


V olume 

Body of water (10'' liters 
Carribean Sea 0.25 
San Francisco 

Bay 
Mediterranean 

plus Black Sea 4.238 0.5! 
Baltic Sea 0.023 102 
Red Sea 0.215 ll 
Persian Gulf 0.006 392 
Atlantic Ocean 323 0.0073 
Pacific Ocean 707 0.0033 
Maximum Permissible Con- 


0.000076 22,400 


centration for drinking water 1! 


* For complete mixing of the saturated 
fission products from a 60-Mw reactor 10 
days after shutdown 





ing a shaft power output of about 
20,000 hp will have a heat output of the 
order of 60 Mw. After a long period 
of operation, the accumulation of fis- 
sion-product activity within the reactor 
would reach a saturation value of 
~6 curies per watt of power or a total 
activity of ~3.6 x 10° The 
table level 
after 10 days in various bodies of water 
with the addition of this much activity 


curies. 


shows the contamination 


assuming complete mixing. One sees 
that the 


maximum permissible concentration of 


contamination exeeeds the 
activity for drinking water for many of 
the water bodies considered 

The assumption of complete mixing, 
however, is unrealistic except for very 
Actually the 
disseminated 


small water volumes 
fission products will be 
from the point of release by diffusion 
and marine currents at a moderate rate, 
A rough idea of the distribution of con 
tamination in a sizeable water body 
can be obtained by solving the diffusion 
equation for a point source in an infinite 
medium, If the dispersed fission prod 
ucts are assumed to behave like an ionic 
solution, a representative value can be 
assigned for the diffusion coefficient 
and the activity concentration can be 
calculated as a function of distance 
from the release point for various times 
The figure shows the results of such 
60-Mw 
The 


activity is found to be lower than the 


a calculation for the reactor 


previously described, specific 
tolerance level of 10~'* curies/liter for 
distances greaterthanamile. Thus, as 
far as hazard to inhabited areas is con- 
cerned, water contamination will be 
important only when the ship is very 
close. 

When the ship is at sea, the most 
urgent considerations will be exposure 
of the ship’s crew and passengers and 
salvage operations. When the ship is 
in port, the shore-line contamination 
must also be evaluated and will involve 


contamination of the water as well as 
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Mele) Mle eile 


If you're looking for 


“HIGH PURITY’”’ 


fused quartz 


LABORATORY WARE 


The world’s largest pro 
ducer of fused quartz prod 
ucts can help you with your 
most critical and exacting 
needs for your laboratory 
ware. 

Vitreosil® products can 
be supplied in an unusually 
large variety of types and 
sizes, Also fabricated to spec 
ification to meet semi-con 
ductor requirements for the 
production of silicon metal 


TRANSPARENT VITREOSIL 

For ultra-violet applica 
tions, metallurgical investi- 
gations, chemical research 
and analysis, photochemis- 
try, spectroscopy and physi- 
cal, optical and electrical 
research. 

Send specifications for 
your requirements. Please 
use coupon below 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


8.20 Salem Street, Dover, New Jersey 


Please send technical dota on 


Compeny 

Name & Title 

Street 

State 


City Tone 
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Maximum /permissibie 


concentratior 


| 2 
Distance from Source (miles) 
DIFFUSION in a large body of water of the 


saturated fission product activity from a 
60-Mw reactor 50 days after a failure. 


| 40°% of the available fission products are 


assumed to be released from a point source 
the usual atmospheric pollution. Com 
pared with a land-based nuclear plant 
accident, the shore-line accident there- 
fore presents the additional complica 
tions of salvage difficulties and trans- 
port of radioactivity by water 


Safety Measures 


Since all possible precautions must 
be taken to guard against release of 
ion products, it is pertinent to con 


ider some of the causes of failure and 


to suggest some methods of their pre- 


vention or minimization of their effects 

Fission products could be set free by 
in explosive release of nuclear energy 
Fortunately, a well-designed reactor is 
yenerally 
this respect; the maximum energy re 
lease from the nuclear explosion of such 
i reactor might be on the order of mag 
nitude of a mild chemical explosion 
An explosion of this sort might happen 
if the reactor is allowed to run away 
To prevent such a runaway from being 
the be de- 


strongly tem 


too serious reactor must 


igned with negative 


perature and pressure coefficients of 


reactivity, and must provide fully de 
pendable safety mechanisms for shut- 
Much 


given 


has 
that 


attention (2, 8) 
this 


further discussion is unnecessary. 


down 
heen problem, so 
Fission products could also be 
leased by 
vessels and piping, with subse- 


re- 
mechanical rupture of pri- 
mary 
quent loss of coolant and mechanical! 
expulsion of 


thermal, or chemical 


hazardous materials. From a safety 


a very sluggish machine in | 





RAWSON-LUSH 
Rotating Coil 
GAUSSMETER 


3 mm diameter) rotates in 
field to be measured The voltage gen 
erated is rectified in a synchronous rectifier 
and used to deflect a Rawson high sensitivity 
with scale calibrated in kilogausses 


Tiny 
the 


(approx 


voltmeter 


Features 
(1) Simple operating simple to 
use and maintain 

2) Compact and portable 
and the long probe unit 
Ranges 0.4 1.2 a 12 — 40 
120 kilogausses, all in one instrument 
Practically point measurement of mag 

field 

Can be inserted in any gap 
and will reach center of 

gap. Coil protected by 
ory ovter tubing 
Measures direction of 
ntensity 

) Gueranteed § acc 
better 
Low Price $395.00 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


107 Potter St. Cambridge, Mass 


principles, 


just one meter 


netic 
larger than 
37” di 

ameter station 


field as well as 


uracy per cent or 


complete with meter 














WASTE DISPOSA 





* RADIOACTIVE 

* Explosives 

* Pyrophoric Materials 

* Poisonous Gases 

* Flammable Materials 

* Contaminated Equipment 

* Toxic Materials 

* Acids and Caustics 

COMPLETE SEA DISPOSAL 

Serving the U.S. Since 1946 
CROSSROADS maintains a personal 
pick-up service in New England, New 
York, New Jersey, Ohio and Penna 
for safely removing dangerous waste 
material 
Waste be shipped conveniently 
from any outlying area with complete 
instructions and proper-type contain- 
ers designated by CROSSROADS. 
Authorized by all necessary 

Federal, State and Local Authorities 


can 


Call, write or wire for complete infor- 
mation. 


Crossroads 


Marine Disposal Corporation 
26 T Wharf, Boston, Mass. 
LAfayette 3-4908 
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that nuclear 


UsIng 


it is evident 


propulsion systems low- 
ven at high tempera- 
But 


onsideration must in practice be 


ire coolant, e 
ire especially desirable. 
iced against the improved thermo- 
imic-cycle efficiencies and reduced 
rating costs of high-pressure 
ms 
e containment of fission products 
fuel materials might proceed as for 
The 


er plant can be entirely enclosed in 


l-based, stationary reactors. 


or more suitable casings that will 


, ; | 
iny conceivable explosion in the 


m, thus preventing the escape of 
This is a 
assuring the 
There 
© major objections to this scheme 
first, the diffi- 


maintaining important com- 


azardous materials. 
on approach to 


of nuclear power plants. 


ear-ship plants: 


ts such as pumps, valves, instru- 


ind heat exchangers, and second 
ymplexities of salvage of such | 
ir plants in the event of a major | 
trophe. Space limitations also | 
se some difficulty in the design of 

i containing vessel 
\ possible solution may lie in mini-| 
mizing the potential hazard of any sin- | 
The use of fail-safe de- 


on and control mechanisms is, of 


ingredient 
implicit. Consideration of the 
of homogeneous reactors (inciden- 
tally including but certainly not con- 
fined to the aqueous types) may prove 
ruitful. The possibility exists for this 
reactor type that the fission products 
in be continuously removed 
© as to be completely safe. 
way the amount of activity 
release in the event of 


‘ for 


dent would be substantially 


Although maintenance, fuel changes 
ind lvage procedures also have a 


earing, safety will probably have an 
rtant influence on the location of a 
Historical data 


yet available on the probability 


mp 
or aboard ship 

not 
ind extent of accidents to engine-room 
Such data should be collected 
ewed with regard to the pros- 
icing reactors in the normal 
thoard ship, or in unconven- 


tions 
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Shielding protection equivalent to 7.85 density iron is given by 


Corning Code 8363 Radiation Shielding Glass shown here 
brick-sized piece weighs 14 Ibs 


This 
. shows the optical clarity in 


herent in all three Corning Radiation Shielding Glasses 


Two inches or 36 inches... 
| you'll see clearly through this 


radiation shielding glass 


You can look through 36 or 
inches of this glass 
your “hot” cell 
though you were looking through sun- 
glasses .O80” thick 


more 
yet you see inside 
twice as clearly as 


This remarkable “seeability” is yours 
when you specify Corning Radiation 
Shielding Windows 
1. Corning Radiation Shielding Win 
dows are free of vision-disturbing im 
perfections 
striae, and distortions 
optical clarity 


such as bubbles, stones, 


You can see with 


2. Even after long exposure to radia- 
tion you'll see clearly because Corning 
windows are nonbrowning 


v 


3. Corning’s heavier glass is equal or 
superior to any other commercial glass 
of equal density in low intrinsic color, 
natural tendency to browning, 
transmittance and fast recovery on rest 


resist 


Corning engineers have designed 
windows for hot labs, hospitals, aircraft 
and submarines. They offer 
you complete design assistance in 
matching any wall thickness and any 
viewing requirements 


Carriers 


To get in touch with them, or to get 
a free copy of Corning Bulletin PE-51, 
“Corning Radiation Shielding Win- 
dows,” write today! 


CORNING GLASS WORKS 


16-5 CRYSTAL STREET, CORNING, N. Y. 


Coming means research in Class 





need 
high vacuum 
components / 


The Stokes 4-inch Ring-Jet Booster Pump 
starts pumping at 1,000 microns Hg abso 
lute... pumps as low os .03 » with low 
cost pumping fivids. Peak speed over 600 
cfm. Equally efficient units available in 6, 
10 and 16-inch sizes 


— makes a complete line 
of vacuum 
advance-designed engi 
neered to help make your vac 


components 
and 


uum systems more productive 
Each Stokes’ 
unparalleled 
neering leadership and wealth 


unit reflects 


expenence pio 


of basic vacuum technology 


The product list includes: Dif 
fusion Pumps, Vapor Booster 
Pumps, Mechanical Pumps, 
Mechanical Pumps, 
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Send for technical data on any 
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LITR Experience 


Second-Guessing 
the Reactor Designers 


By J. A. COX 


Oak Ridge National Laboratory 


Oak Ridge, Tenn 


In performing his day-to-day duties 
the reactor operator is bound to ac- 
quire information and experience con- 
cerning his particular facility that was 
not available to the original designers. 
He will probably always become aware 
of specific problems of routine opera- 
that 
eliminated by the reactor designer if he 


tion could easily have been 


The reactor opera- 
should be of 


interest to groups now engaged in re- 


had foreseen them. 


tor’s comments then 


actor design. Accordingly some com 
ments based on the operating experi- 
ence with the Low Intensity Test 
Reactor (LITR) at Oak Ridge National 
Laboratory are presented here in the 
hope that they will be of assistance to 
| reactor designers. 
| The LITR was constructed primarily 
as a mock-up for hydraulic and nuclear 
testing of the design of the Materials 
Reactor (MTR). LITR is 
cooled by circulating ordinary water 
fuel containing 


aluminum-clad plates of enriched ura- 


Testing 


and has elements 


nium-aluminum alloy. Upon comple- 
tion of the design testing the reactor 
was shielded and fueled for operation 
at about 1 Mw for use in the research 
and development programs at ORNL. 
It was the first of the high-flux research 


reactors. 


Lessons Learned 


Some of the important lessons that 
| experience has provided follow: 
Accessibility from above. 
| tor should have maximum accessibility 


The reac- 


| from above. Many experiments can 
be inserted in vertical tubes that extend 


These 


into core spaces in the lattice. 
tubes carry thermocouple leads, cooling 


and pressure lines, etc. to apparatus 


outside the reactor. Any structure or 
machinery that obstructs access from 
above the lattice makes insertion and 
removal of experiments more difficult. 
In LITR and MTR the rod-drive as- 
sembly which is suspended below the 
top plug must be completely removed 
to work without interference when in- 
serting and removing experimental ap- 
paratus. The Oak Research 
Reactor (ORR) design eliminates prac- 


Ridge 


tically all such interference above the 
lattice by having the shim rods driven 
from below. 
Beam holes. 
sufficient clearance between plug and 


Beam holes should have 


liner to minimize galling and sticking 
In the LITR, experience has shown 
that at least 4¢-in. clearance should be 
provided in a 6-in.-dia. beam hole. 
Current practice is to leave about 44 ¢ 
in. In smaller holes, such as those 
used for pneumatic tubes, severe galling 
has been experienced where only 44 »-in. 
clearance was left in a 1'4-in. hole. In 
addition selection of materials is impor- 
tant; for example, aluminum tubes in 
aluminum liners are apt to gall. It is 
preferable to make one of the surfaces 
of stainless steel. Shielding doors in 


front of each beam hole have been 
found to be a great convenience. 

Radioactive gas disposal. Radio- 
active gas is encountered in the LITR 
water system when the reactor tank is 
opened. Even though an off-gas suc- 
tion is provided on a surge tank, con- 
siderable radioactive gas accumulates 
in the water. Provision should be 
made in the design for an off-gas ar- 
rangement to remove the gas. 

Water purification. The longer-lived 
radioactivities in the cooling water are 


formed from activation of impurities 
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of corrosion and 





| cult to eliminate 


| repaint when necessary 


| water 


and from such reactions with materials 
in the lattice as AL?” (n,a)Na™. It is 
desirable to purify the water continu- 
ously to remove these radioisotopes so 
that tools and other objects immersed 
in the reactor tank water are not badly 
the 
water also reduces corrosion of reactor 
In the LITR contamina- 
tion is continuously removed from the 


contaminated. Purification of 


components 


circulating water with 
mineralizer consisting of cation, anion, 
and mixed-bed resin columns. 
mineralizer enables the pH to be kept 
between 5 


of the 


megohm-cm 


5 and 6.5 and the resistance 
above 1 
the 
resin columns, 

Filters in the 


water system also become radioactive 


maintained 
This 
the 
which must be shielded. 


water 
concentrates 


radioactivity on 


and should be placed in a remote loca- 
tion or shielded 

Component removal. In the LITR, 
where fuel elements often last for two 
years, some trouble has been experi- 
with elements sticking in the 
It is believed that close- 
fitting endboxes should be avoided to 


enced 


lower grid 


minimize this problem 


In general, reactors should be de- | 
signed so that components can be re- 


placed easily by remote methods where 


necessary 


main in place for ten years or more be- | 


fore removal 


removal of various parts should be con- 


sidered in the design. 

Sealed canal linings. Pools 
canals made for use with a reactor should 
be lined with impervious material. If 
bare concrete is used 


the water can soak into the walls giving 


| a source of radiation that is very diffi- 


Paint can be satis- 


factory, provided fuel elements are not 


| placed so close to a painted surface as 


to damage the paint by radiation and 
provided that it is possible to drain and 
Tile is satis- 
factory if the mortar joints are treated 
to minimize the absorption of radio- 
activity. Other materials considered 
for this use are aluminum and stainless 
steel, 


Canal decontamination. Provisions 
should also be made to repurify canal 
continuous! to remove radio 


activity and to reduce corrosion of 


stored materials Since silt settles, it is 
desirable to have a « 
the silt off the floor to a filter or sump 


This silt can be 


stem for pumping 


radioactive and pro 
vision should be made for this problem 


in the filter or sump drain 


a bypass de- | 


The de- | 





Some components can re- | 


The long-term effects | 


radiation on ease of | 


and 


radioactivity in | 
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How Radioactive Wastes 
Will Be Handled at PWR 


By J. R. LaPOINTE 
Bettia Plant 
Westinghouse Electric Cor p 


Pittaburgh, Pennsylvania 


When the Pressurized Water Reactor 


PWR) is completed at Shippingport 
this year, it will be a source of radio- 


wastes as well as of electric 


The 


are 


active 
power sources of wastes in 


PWR effluent 
water they can arise from activation of 


varied: in coolant 
corrosion products and fission-product 
release due to possible fuel-element 
rupture; tools that have become acti- 
vated may need to be discarded; spent 
resin used to purify coolant water will 
be active after use; etc. The quanti- 
ties and types of wastes are given in 
the table 


Design Criteria 


The radioactive waste disposal sys- 
tem at PWR has been designed to meet 
stringent limits on the concentrations 
of pollutants released to the environ- 
ment. The radioactive-waste concen- 
tration in the water discharged to the 
Ohio River, and in the air at the point 
of discharge to the surrounding atmos 
phere, will not exceed 10% of the maxi- 
(1) 


recommended in Table 5 of National 


mum permissible concentrations 


Bureau of Standards Handbook 61 (2). 


Jecause data on the quantity and 
utivity of all the specific radioisotopes 
to be encountered in the PWR coolant 
were not available during the design of 
the waste-disposal system, the design 
for disposal of nonvolatile 
material that the 
should exceed 10% 
listed* for an unidentified mixture of 
this 
factor of 


criterion 
was concentration 
not of the value 
limit 

100 


limits for 


radioisotopes. In general, 
is more restrictive by a 
than the corresponding 
specific isotopes 

Another design criterion is that suffi 
cient capacity must be provided to 
tore radioactive gases for the maxi 
mum expected duration of a weather 
inversion—-5 days, based on the Donora 


incident (3) 


Waste-Disposal System 

To meet the requirements just out- 
lined, the PWR waste-disposal system 
b) concentra- 


uses (a) natural decay: 


tion and storage; and (c) dilution. 
These methods are applied, in different 
the 
radioactive wastes generated in PWR, 
but all 


central 


ways for various categories of 


is carried out in a 
Here 


the wastes are segregated, processed or 


treatment 


waste-processing area. 


* Standards for protection against radia 
10 CFR Part 20 (U. 8. Atomic Energy 
Commission, Washington, D. C., 1957 


tion 
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FIG. 1. 


Flow diagram of radioactive liquid and gaseous waste disposal system. 


Activity discharge to Ohio River will not exceed 0.03 mc/day 
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Oceor 
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Site burial 








FIG. 2 
are burned in incinerator. 


ind ultimately disposed of as 
| in the following paragraphs 

Liquid and gaseous wastes. Rea 
nt liquid effluent (see Fig. 1) is 
ource of radioactive waste 

ered to underground stainless 

inks where its radioactivity is 
Depending upon the re 

he measurement, the liquid 
tanks 


radioactivity decays and/or 


be stored in these 
through demineralizers and 
per, or, if its radioactivity is 
ermissible limits, the liquid can 
ed with the 58,000-gpm_ con 
oling stream for discharge to 
River 
radioactive impurities as 
irticulate matter are removed 
of mixed-bed demineralizers 
ed fission gases, Hf present in 
then 
tripper operating under slight 
ind are 


enth 


t safe discharge to the atmos 


istes, are removed in a 
stored in steel tanks 
decayed (1077 pe/ml) 
The processed liquid is then 

1 test tanks for sampling to 
that the liquid discharged from 
allowable toler- 


t will meet 


0-* we/ml) when diluted with 
ser cooling water stream. 
ind gaseous effluents will be 

ed in the control area both be- 

fter discharge of all wastes to 
sufficient 


nment and at a 


sampling stations outside 
ea to ensure sale practices 


Lig istes containing a high con 
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Flow diagram of radioactive solid waste disposal system. 
Gases of combustion are scrubbed and filtered and ashes 
and wash water transferred to storage tank 


Combustible wastes 


centration of impurities, such as fluids 
used for decontaminating equipment 
through a vapor-com 
The distillate 
from the evaporator is sent to the liquid 
the 
ind put in drums 


ure processed 
pressor evapor itor 


surge tanks, and concentrate is 
mixed with cement 
for burial at sea 


Solid wastes. 


resin (see Fig. 2), principally from the 


Spent demineralizer 


internal purification system, is diverted 


to permanent underground stainless 
steel 
waterprool concrete enclosure 


tanks 


used 


surrounded by a 
In the 


out and the water 


storage tank 


solids settle 


to transport the resin is trans 


ferred to the liquid+lecay tanks for 


possible further processing 
solid 


Combustible contaminated 





Radioactive Wastes at PWR 


Specific acti 


ly uc/om 


Non 
vola 


Vonthly Vola 
T ype amoun tile lile 


teactor 16,000 gal 
plant 
effluent 
High-solid- 
content 
liquids 
Spent resin > it 
Variable 


Combusti- 5,000 Ib (ave 


ble wastes 10,000 lb (max) 


* Total activity of puid 


day 
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wastes such as paper, rags and clothing 
are burned in an incinerator. Gases 
from the combustion process are 
scrubbed and filtered to remove air- 
borne particulate matter. Ashes and 
wash water are then transferred to the 
resin storage tank. 

Small solid noncombustible wastes, 
such as tools, metal turnings, and small 
pieces of equipment, are placed in 30- 
yal drums and sealed. Each drum is 
then placed in a larger drum and 
shielded by pouring concrete between 
the two. The drums are then shipped 
for ocean burial. 

Larger solid noncombustible wastes 
too large to ship are handled remotely 
and stored in an underground concrete 
vault or suitably buried in a site 
“graveyard, ”’ 


Conclusion 


Experimental data developed since 
the initial design of the plant indicates 
that the radioactivity of the waste 
will be considerably less than assumed 
here. Further conservatism is pro- 
vided in that the system was designed 
as a batch process discharging periodi- 
cally to a continuously flowing pure 

ondenser cooling water stream. The 

only source of waste liquid to the river 
from the plant will be the addition to 
this circulating stream. Operation of 
the plant will prove the degree of con- 
servatism and will provide data that 
will establish modified criteria for the 
design of radioactive waste disposal 
facilities for future nuclear power 
plants. 

A monitoring program was started 
early in 1956 to determine the types 
and variation in the amounts of radio- 
active materials which occur naturally 
in the environment around the PWR 
site. The program will extend over a 
period of ~1}4 years prior to startup 
so that similar studies conducted after 
startup will ensure that the system 
meets allowable tolerances. 


* * * 


Based on a paper presented at the 2nd 
Inservice Training Course on Radioactive 
Liquid Wastes at the University of Michigan 


November 2, 1946 
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NUCLEAR ENGINEERING NOTES 


The emphasis was on fuel cycling in power reactors at 


Highlights from 
Nuclear Congress the 2nd Nuclear Engineering and Science Conference 
held recently in Philadelphia. A full six sessions 
ere devoted to discussions of processes for plutonium separation and fuel decon- 
nation, plans for remote refabrication of reclaimed fuel, and theories of the 
In addi- 
there were reports on the physics, the engineering, and the economics of 


brium-buildup concentrations of heavy isotopes in recycled fuel. 


arious AEC reactor projects. 
Fuel-cycle theory. Manson Benedict (M.1.T.) explained the neutron balance 
equations governing the changes in fuel composition and reactivity during a cycle 
of a single-region thermal reactor. He then derived the limitation on fuel burnup 
lue to reactivity loss from changes in fuel composition 

In applying the method to a typical thermal uranium-plutonium power-reactor 
lesign Benedict considered four different modes of operation—batch irradiation 
of the fuel with and without plutonium recyling and continuous movement of the 


fuel through the core during the irradiation with and without plutonium recycling. 


issuming reasonable costs for the fuel materials and the various fuel reprocess- | 


ng operations he arrives at the total fuel cost per unit of energy produced for 
each of the four cycles. 
less than 1% (or 10,000 Mwd/ton). Continuous irradiation turns out 


to be more effective than Pu recycling in reducing the total fuel cost. 


fractions 


Remote fuel fabrication. A. B. Shuck (Argonne) outlined the problems of 
fabricating solid-fuel elements from radioactive fuel material by remote opera- 
tions. This task arises for Pu and U**8, which are naturally active, and also for 

med U?** that still contains fission products. (‘Dirty uranium” of this 
kind can be used in fast reactors.) 

Shuck presented the conceptual design of the remote mechanism being de- 

eloped by Argonne to refabricate fuel for EBR-II. 


The device manufactures 
high as 10e¢/gm. Molten fuel is injected under pressure into a precision ceramic 
mold Dry 
tolerance of 0.001 in. 

James A. Lane reported for E. G. Bohlman and 


liametr il 
Stress corrosion cracking. 
G. M 


geneous Reactor Test. 


Adamson (Oak Ridge) on stress-corrosion-cracking problems in the Homo- 
Cracks perpendicular to lines of stress and extending up 
to 0.030 in. in depth were discovered in the secondary water system used to 
letect leaks at flange joints. The stress in some of the affected areas was as 
ww as 5,000 psi. Chlorine in the secondary system is believed to have caused 
the cracks via a corrosion mechanism, Although this phenomenon has been 
observed before, the exact role played by the chlorine in producing the cracks is 
till not understood. Experimental evidence indicates that to avoid this problem 
the chlorine content of the water should be kept below 5 ppm. Lane pointed out 
that the problem is not peculiar to the HRT but would be present in any stressed 
iustenetic-steel system containing water. 

Half-fast limitations. In reviewing the highlights in reactor theory presented 
it the winter meeting of the American Nuclear Society in Washington, Alvin M 
Weinberg 


being pursued by Argonne (NU, Jan. 


director of ORNL, discussed the fast-thermal reactor concept now 


’H7, p. 94). 
reactor could run into difficulty because it may not be as insensitive to fission- 


Weinberg suggested that the 
luct poisons as an ordinary fast reactor, The problem arises from a generally 
ippreciated fact—the absorption cross section of fission products for neutrons 
At 25 kev Weinberg estimates that the 


n-product absorption cross section is one-third the | 


the region below 100 kev is quite high. 
fission cross section 
Conventional costs count. In discussing the engirecering and construction of 
he Engineering Test Reactor in Idaho, P. D. Bush (Kaiser Engineers) made the 
nt that the cost of the reactor itself (the pressure shell and everything inside 

t) amounted to only 20% of the total cost of the facility 
nt into the reactor buildings, primary and secondary coolant systems, and 
orting facilities 


the reactor core are therefore unrealistic unless similar efforts are applied to 


Most of the money 
Bush observed that efforts directed toward cutting costs 


e other components of the reactor facility. 
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For all the cycles fuel costs rise sharply for burnup | 


indrical fuel slugs from reprocessed fuel material that can have an activity as | 


runs have produced 2-ft-long, 0.140-in.-dia fuel cylinders with a 
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Engineering Careers 
at Curtiss-Wright 


Curtiss-Wright’s planned expansion and product diversifica- 
tion program creates requirements in 1957, 58, 59, for engi- 
neers and scientists in a number of different technical fields 
and at almost every level of experience. These are permanent, 
career positions, for this is a carefully planned program. Start- 
ing salaries are excellent and are related directly to your 
education and experience. Company benefits are outstanding 
and there are adequate provisions for Advanced Study Assist- 
ance to those who qualify. 

Positions are available in plants located in several states, giving 
you a choice of geographical location. Work assignments range 
from pure research in specialized fields to production control 
of current manufacturing. Products range from plastics for 
the consumer market to new concepts in powerplants and 
propulsion systems. Especially interesting to the scientist or 
engineer are the opportunities offered in the following fields. 


am | 
| | drides do not differ markedly in hydro- 
it 


'Hydrogen Capacity 


}\ of Metal Hydrides 


Studies at Battelle Memorial Insti- 
tute have been directed towards in- 
creasing the hydrogen content of metal! 
hydrides. They reveal that alloy hy- 


igen capacity from the pure hydride 


ji over a wide temperature range. On 


i\the other hand metallic compounds 


1 | show a significant decrease. 


The significance of metal hydrides 


}| lies in the fact that they have a H con- 
|| tent comparable with that of wate 


combined with a temperature capabil- 


‘ity as high as 2,000° F—particularly 


1 | the hydrides of vanadium. Thus hy- 


drides of vanadium, niobium, titanium, 
and especially zirconium are being in- 
vestigated as possible reactor mate- 
rials. (See article by McCullough 
|& Kopelman, NU, Nov. ’56, p. 146.) 

Trzeciak, Dilthey and Mallett of 
| Battelle have investigated the effect 


of composition and preparation on sev- 
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eral transition metal hydrides in an 
effort to improve the hydrogen con- 
tent and thermal stability of these 


and niobium hydrides that had greate: 
H content than ever reported. They 
conclude that the theoretical hydrogen 
limits are probably VH and NbH and 
that these might be obtained by using 


SUPERSONIC AIRFLOW 
STRESS AND VIBRATION 


These are some of the important activities going on in the 17 
Divisions of Curtiss-Wright. In such an environment engineer- 
ing and scientific skills grow and the individual has opportunity 
to demonstrate his professional ability. 

If you are interested in associating yourself with a company 
which recognizes your individual progress, if you want the 
stability that comes with diversification of products, then you 
should send a resume, giving your preference in type of work, 
as well as your education and experience to: 


R. G. Conrad, 
Manager, Engineering Recruiting, Dept. G -7 
Curtiss-Wright Corporation, Wood-Ridge, N. J. 
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very pure materials. 

The effect of the addition of alloy 
metals of various concentrations on the 
maximum hydrogen capacity of tita- 
nium and zirconium hydrides was also 
studied. With titanium they alloyed 
V, Nb, Mo, Mn, Cr, and Zr in various 
amounts. The highest H content was 
found for Ti alloyed with 69% V 
This hydride showed a 22% increase 
in H concentration over pure Ti hy- 
dride. The best Zr alloy proved to be 
one containing 2.3% Ni, which had 
20% more H than pure Zr hydride 
Atomic size does not have a significant 
effect on H capacity 

The temperature dependence of hy- 
drogen retention in various Zr alloys 
was studied. At 1,600° F the biggest 
effect was a 20% increase observed in 
a 2.3% tantalum alloy At 2,200° I 
all the alloys were slightly worse than 
pure Zr. 

In the last phase of the program 
hydrides were formed from the three 
compounds Zr,Ni, ZrVe, and ZrCro. 
H content of these materials was found 
to be half that in pure Zr. 
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APPLIED RADIATION 


Radioactive Inks 
Make Better Copies 


Low-energy beta emitters distributed with the pig- 
ments in drawing inks produce a drawing that repro- 
duces itself with exposure to photographic paper. The 
reproductions that are made qualify as “fine prints” among artists and museums. 
This is because the penumbra effect that makes an ordinary photocopy of small 
For example, the 


‘ 


artistic value is missing in the ‘“‘electron-printing”’ process. 
gray tone that replaces dead white areas in a photocopy does not appear in the 
electron print. 

The process is compared by its inventors to stone lithography and copper etch- 
ing. The radioactive original is comparable to the stone or plate, and the copies 
are “originals” in the sense that lithographs or etchings are. 

The method has been invented and patented at the Louisiana State University 
by Harry EK. Wheeler, Mrs. Naomi Wheeler, and Mrs, Caroline Durieux. 

Low-energy betas combine safety and precision. Safety results from their low 
penetration, and precision of reproduction is a consequence of their short range. 
Five isotopes have been found useful: 8*° (167 kev, 87 days), C'* (158 kev, 5,600 
years), Ni® (63 kev, 80 years), Pm'*? (230 kev, 2.6 years), and Ca*® (250 kev, 160 
days) Inks are generally made in concentrations of ~1 mc/cem*, and at this 


strength exposures of 1-8 days are required for reproduction. 


Radiation Produces New and better plastics can be made by radiation- 


New-Type Plastics 


induced copolymerization. The term is used to de- 

scribe a process in which a monomer is grafted into a 
polymer of a different type. In graft copolymerization radiation creates a radical 
Molecules of the monomer grow in a chain-reac- 


The eventual structure is described as 


at a point on the polymer chain. 
tion fashion from the site of the radical 
feather-like, with the original polymer chain forming the backbone or quill and 
the monomer chains forming the barbs that run out from the center. In block 
copolymers the original chain is fractured and monomer molecules are grafted into 
the break, 
polymer B and monomer A. 


The result is a single polymer chain with alternating sections of 
Depending on the situation created by the experi- 
menter, radiation can induce graft copolymerization, block copolymerization, or 
both at once. 

In many cases significant improvement of the original plastic occurs, Thus 
vinyl carbazole can be grafted to polyethylene to make a dielectric capable of 
withstanding higher temperatures than the original polyethylene. Increase in 
dielectric strength is accompanied by improvement in the tensile properties of 
Styrene grafted to polyethylene and sulfonated makes a strong 
Styrene 


can When 


acrylonitrile is grafted to polydimethy! siloxane, the solvent resistance of the 


the polyethylene. 
cation-exchange membrane of low resistivity and high permeaselectivity. 
be surface grafted to Teflon for improved adhesive properties. 


latter is improved 

Of several methods that have been used to produce grafting, most effective is 
to suspend the polymer film in a solution of monomer and irradiate the system. 
Monomer 


The dose used is generally ~10’ erg/gm of Co® gamma radiation. 


that is homopolymerized in the process—that is, made into polymer of its own 
type of molecules with no linking to the other type—can be washed away with 
solvent, and the change in weight indicates the amount of material successfully 
grafted, In most cases the graft is proportional to total dose, but in some cases 
there is autocatalysis, and the rate of grafting becomes greater as the process 
progresses. In general the process occurs most favorably when a radiation- 
susceptible polymer is irradiated in the presence of a monomer with a low sus- 
ceptibility to homopoly merization. 

Interesting results appear when a film is irradiated first and then immersed in 
monomer, Samples irradiated in vacuum experience more grafting than those 


irradiated in air. Unirradiated controls show no grafting. The effect is appar- 
ently due to free radicals, and paramagnetic-resonance experiments have shown 
that they remain effective for several months after the irradiation. Films con- 
tinue to gain weight over this length of time 

Experiments directed toward more refined understanding of the process and of 
the parameters that govern it are being conducted under the direction of D. 8. Bal- 


lantine of Brookhaven National Laboratory and R. B. Mesrobian of Continental 
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formerly at Polytechnic In- 


f Brooklyn 


eee. NLICLEAR 


Competitors, Too 
world, and 
} 


acd ! is competitors for markets 
at are growing as radiation applica- 
oI ure It is too easy to compare 

vy radiation uses with the techniques 


ght replace rather than with | 
techniques in the development 
that will bid for the same} 


; 


iarkets. For example 


Ultrasonic tracing. To find how} 


ehave around dams and spill- am 


h-and-game people have de- 


a small capsule that contains 


sonic signal generator. It is/| eee 
¥ 
; in. long and | in. in diameter, = 
es comfortably on the tail of : , 7 ba " 
inh i mm i€ AiL0O1r8a FOP ty 
fish t { to be followed. Its battery- ‘ 
tra! ir-transducer system produces 
pulses that can be followed by an 
aut itic tracking device mounted in 
a b he battery will keep the 
device operating for ~7 hr. 

F-M-radio tracing. Zworykin and 
associates of RCA, working with the 


Rockefeller Institute, have made an 

, : volt Van de Graaff injector tor a 

f-m transmitter in an even smaller ton sy TUM LR A ue 
, 55 ts 

apsule It is intended for studies in . ) aoe 

in vertical configuration 

which the capsule passes along a human 


gastro-intestinal tract Modulation 


iphragm indicates pressures the 1deal SOUTCE 1s the 


lO the route of travel. y » R) 
Line lyethyl . Irradiated ? q r e ii 
slyetiylons fn halite 40 Weenies an &C Urad 
t (00° F, so it can be heat 


ut linear polyethylene, Particle accelerator because 


new catalytic processes Is é 
| stabl 240° F » it produces a beam of any fundamental The Van de Graaff is being used 
1 stable to ~240° | It : in such diverse applications as 
Nuclear cross-section 
measurements 
radiation even if you use its beam is intense, homogeneous, of Cancer therapy 
polyethylene, but cheaper Radiobiological research 
Chemical catalysis and 
tion and dimensions; polymerization 
: Chemical analysis of 
+: aracteristics are stable and 
Rex Fnduesteieh onm in benee its beam characteristics are ible oustene Gime 
polvethvlene at $25/5.000 controllable over a wide range of energies Neutron activation analysis 
etic in made etetile and Radioactive isotope production 
- ( ~ mde ste » § i 
Write for NEW BULLETIN H Industrial radiography 
\ pplications and Catalogue Sterilization of foods & drugs 
V le G T Cross-linking of polymers 
of Van de Graaffs Instrument calibration 
for posilive-ton Radiation standards 
W. Chen et al. Studies on graft and Neutron Injectors for giant accelerators 
lerived by ionizing radiation . Metallurgical research 
posium, Madison, Wis., June Rese arch Radiation damage 
S. Ballantine et al Studies on h 
Geophysical research 
luced graft copolymerization y 
, ; Fundamental problems in 
tate polymerization al rogress re 
if product utilization. ix physics and chemistry 
National Laboratory, October 
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be heat sterilized particle or radiation electrons, X-rays, 
Built-in sterilization. You can steri protons, deuterons, tritons, neutrons; 


known energy, and of predictable direc- 
is built-in sterilization 


secret-formula ingredient 


hroughout its lifetime. 
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Isotope Milker Supplies 
Ba'’’ from Parent Cs 


137 


By R. L. NEWACHECK, L. J. BEAUFAIT, Jr, and E. E. ANDERSON 


Tracerlab, Western Division 


Many radioisotope applications re 


quiring repeated use of very short-lived 
activities have not been explored be 
cause of the difficulty of getting a con 
tinuous and reproducible supply of a 
suitable isotope where it is needed 
Many have The 
difficulty of scheduling shipment from 


been impossible 
a reactor or cyclotron has made uses of 
this type uneconomical and impractical 
1" 
rhe 


now 


half-lives we are considering 


are in the minutes short 


activity 


range 
enough that the essentially 
disappears before there is hazard to 
operating personnel or contamination 
of the product involved. To provide 
a convenient source of short-lived iso 
topes we have developed a gamma 
milker* using ion-exchange separation 
and an automatic mechanical injection 
system to supply repeated amounts of 
emitter from 4 


a short-lived gamma 


long-lived parent (Fig. | 


Usable Isotopes 


A large number of long-lived-parent 
short-lived-daughter relationships exist 


in the more than a thousand radioiso 


* Patent applied for 


Flush 
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FIG. 1. 
122 


Gamma milker with cover removed 


Richmond, California 
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Ba "3" 
injection 








FIG, 2, 


is? 137 
cs"*’-B0" 
activity 
































Operational sequence of milker is automatically controlled by limit valves 


in pressure system, some of which can be seen in Fig. 1 


topes now known. However, only a 


small number have practical signifi 
cance from the standpoint of avail- 
and decay char- 


ability appropriate 


acteristics. The most useful pairs are 
strontium-90—-yttrium-90, barium-140 
bar- 


and cesium-137 


We have 


lanthanum-140, 


ium-137. chosen the pair 
Cs'*7-Ba!*? 


radiation 


half-lives 
the 
The daughter activity, 


because of the 
and characteristics of 
two isotopes. 
Ba'*’, 
gamma, 0.661 Mev, and a short half- 
life of 2.60 min. 
a pure beta emitter (0.55 Mev) and 
has a long half-life, 30 The 
Ba"? can be readily separated from 


has a moderately energetic 


The parent, Cs!*’, is 
years. 
the Cs'*’ with ion-exchange resins and 


the proper rinsing solution (elutriant) 
For simplicity of use and handling in 


an automatic system, the ion-exchange- 
the Cs!*’- 
activities and the elutriant solu- 


resin column 
Ba'47 


tion 


containing 


reservoir have been especially 


designed in a single unit as a cartridge. 


Operation 


For nearly all industrial applications 
injection must be made against rela- 
high pressures. In 


quantity of 


tively many ap- 


plications the physical 
foreign material injected into the sys- 
kept to a 


This qualification has been a 


tem must be minimum. 
major 
factor in sizing the resin column, which 
in turn sets the physical quantity of the 
Ba!*? This value 
for the standard cartridge is 2.5 cm‘. 
Because this relatively 


small, it is necessary to flush the in- 
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solution injected. 


volume is 





line completely to ensure that 
1'*? solution is injected. Figure 
vs the six operational steps of the 
r, which follow one another auto- 
lly. In step 1 the milker is at 
with the 


place on an electrical 


cartridge in place 
2 takes 
wtuation. A measured amount 
lushing solution is rapidly with- 

into the flushing cavity, while 
Ba!*’ is 


ng to be drawn slowly into the 


jution containing the 


hand cylinder. Step 3 shows the 
linder at rest as the Ba‘*’ solu- 
ntinues to flow slowly into the 
step 4 the 
injected, followed in- 


ind cylinder. In 
rapidly 
neously by the flush solution (as 
in step 5 After the injection 
lker is ready for the next injec 

tep 6 and step 1). 
The system is initially loaded with 
ough elutriant and flushing solution 
ipply the number of injections for 
t is designed (~20). Thus re- 
ng is unnecessary; it is only 
iry to supply vents at the top to 
t air as the liquids are withdrawn. 
e automatic sequencing of the 
s accomplished by a pneumatic 
The 


by an electric solenoid. In 


initiating air valve is 
an in operation pilot light 


ctrically controlled. Electrical 


e hermetically sealed to elimi- 
open However, it is a 


matter to 
the operation and completely 


arcs 
use an air pulse to 
ite the need for electrical power 

| shows the complete assem- 
th the cover housing removed 

ir cylinders which withdraw 
ect the Ba!* 


immediately 


solution and flush 
the 
The rods have adjusting 


| are below 
rods 
its for changing the lengths of the 
trokes, which in turn determine the 

iquid volumes injected, 
\ manually operated stop valve on 
de of the cylinder block, not 
in the figure, permits positive 
n the event of an emergency or 
the injector is left on an oper 
peline for long periods without 

sé 

Che initiating switch and in opera- 
the 


('-shaped bracket and are visible when 


lion pilot light are on lower 
the cover housing is in place. 

By adjusting the length of the drive 

the flush piston, it is possible 

et the amount of flush solution to 

ist clear the injection line of the radio- 

In addition, the rod 


ictive solution 


for the piston that withdraws the Ba'*”’ 
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solution can be adjusted to vary the 
solution—for 
0.5 
for 


volume of radioactive 
em?’ 
this 


short in- 


example, to withdraw only 


from a cartridge designed 


volume By using a very 
the total 
flush solutions 


limited to 1.5 em 


jection line injection 


active and can be 

The air supply can be an instrument 
air line or a commercial compressed-gas 
less than 0.1 sef (ft? 


at standard conditions) of gas is used 


cylinder. Since 


small com- 
for 
The injection pres- 


for each injection, any 


pressed-gas cylinder is sufficient 
many operations 
sure is a direct function of the pressure 
It is 


LOO psi 


~S times the 
That is, 
milker 


of the air supply 
gas pressure minus 
the 
pressure of 


100 


for a 5O0-psi air supply 


will inject against a ap- 


300 psi 


pressure 1s 


proximately S * 50 
The 


limited to ~600 psi by the injector 


maximum imyection 


Design Problems 
The the milker 


development is to produce, in a single 


basic problem in 


easily handled unit, a cartridge giving 
the 
with a 


number of injections 


(‘ait 


maximum 
minimum amount of 
leakage injection 
The considerations involved can be 
separated into chemical and physical 
the 


problems related to selection of 


resin, elutriant solution, and construe 


tion materials The problems are as 
follows 
1. Selection of best 


cross linkage, and 


the 1On-@X 
change resin—typ« 
to provide the greatest 


the 


particle size 
fastest 
radioisotopes 

2. Selection of 
the standpoint of radiation stability 

3. Selection of the best 
solution and its concentration to give 


and separation ol two 


the best resin from 


elutriant 


not only the most efficient separation 
but the fastest the 
daughter activity 

4, Determination of the 
particularly 


also release of 
effects of 


storage time radiation 
effects) on the cartridge after manu- 
facture between routine successive in- 
jections and between random injections 
for short- and long-term periods 

5. Determination of the 


capacity of the final cartridge 


millicurie 


Cartridge 

The investigation of these variables 
led to the 
It consists of a 


has cartridge of Fig. 3 
10-cm ion-exchange- 
resin column on which is adsorbed the 
Cs'*? parent activity The glass resin 


column is connected to a polyethylene 
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world’s largest manufacturer of 
laundry and dry cleaning equipment 


Realizing the tremendous problem created 
by radioactive clothing, The American 
Laundry Machinery Company has created 
a special department to provide nuclear 
plants with modern, efficient decontami 
nation and laundry facilities 

Engineers experienced in laundry plan- 
ning and operation will survey your plant, 
prepare floor plan layouts, and furnish 
complete specifications for each installa- 
tion 

American representatives will help you 
select the right machinery from a wide 
range of automatically controlled, labor- 
saving equipment particularly suited for 
the decontamination and washing of work 
clothes exposed to radioactive and toxic 


materials 


For complete information on hou 
American serves the atomic 
energy field, write for 

Bulletin 2642, 


& 
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en ee 0m mad ton 
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Check these advantages 





Sharp Definition and Clarity 
True Color 
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Avaliabie with 
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FIG. 3. Cartridge 
polyethylene and 
column 


elutriant in 
ion-exchange 


contcins 
10-cr 


Col 


umn and reservoir are loaded and sealed 


bottle containing the elutriant 
to eliminate all air and gas bubbles and 
ensure correct operation after shipment 
rhe entire contents are rigidly packed 
tube filled 
absorbent 
the 


entire liquid contents if any accident 


in a reinforced cardboard 


vith more than enough 


\ viding to absorb completely 


hould occur during shipment. Since 


the efficiency of separation with ion 


exchange resins depends on complete 
the 


cartridge must remain in an upright 


resin-liquid contact at all times 


position once it has been connected 


to the mechanical injection system 
ind opened to the outside atmospheri 
pressure 

Connection to the mechanical injec 
system is made through the self 
the 


syringe-type 


tion 
sealing rubber cap at the tip of 
column by means of a 
needle, The injector contains a cover 
for the upper end of the cartridge with 
that 


vents the polyethylene bottle when the 


a second syringe-type needle 
cartridge is installed 

After the appropriate number of in 
jyections of Ba! the 


In re plac 


have taken place 
spent cartridge is removed 
ing the cartridge, the end caps of the 
removed the 
The stand 
ard cartridge is designed to hold up 
of Cs! 


new cartridge are and 


new cartridge is inserted 


and to supply twenty 


Ba 


to 5 me 


heme myections of each in a 


volume of 2.5 em’, 
Long-term storage effects have not 
but 


In Fig. 


vet been thoroughly investigated 
short-term effects are known 
1 data are presented to show leakage 


vs number of shots About 0.03% of 


the original Cs’*’ parent activity is 
contained in the twentieth injection 
hese data were taken with a cartridge 
’ activity and 
10 days 
The data shown in this 
taken the 


condition of rapidly 


containing 5 me of Cs 


titer a storage time ol Irom 


preparation 
under least 


stud were 


favorable re- 
peated withdrawals. In normal opera 


tion, & minimum of 10 min would be 


L1ihOw ed 
maximum 


etivity 


between injections to allow 


growth of Ba daughter 
conditions 


leakage than is 


under these 


Cs 


and 


we e@ less 


xpect 
shown in Fig. 1 


Industrial Uses 


The potential uses of this milker in 


process control, routine and 


testing 
experimental measurements are ex 


pected to be man) Especially in 
which the 


considered to be in 


process control, in use of 


tracer isotopes is 
its infancy, it is hard to estimate the 
extent of future applications. 

In tests of fluid flow and leakage the 
device has several simple applications 

Leak detection. Leakage in a heat 
exchanger can be determined by mak 
ng an injection at the inlet and meas 
the radiation 
both 


exc hanger 


from the liquid 
the shell and tube sides 
The the 


radiations of the two outlets will give 


uring 
leaving 
of the ratio ol 
a quantitative indication of the leakage 
Flow distribution. 
be made to determine the flow 


Flow studies can 
char 
acteristics of large pipes or streams of 
The in 
the 


liquids or fluidized particles 


jection is made upstream from 


location to be studied Detectors are 
at various points throughout 


taken 


located 
the 


counting 


stream, or samples are for 
One of the 
the milker is 


velocities of 


Fluid-flow rates. most 


useful 


that of 


applications of 


measuring flow 


fluidized solids Figure 5 


Liquid oO! 
shows the arrangement of the equip 


ment for a typical flow measurement 





Recommended number 
of injections per 
cortridge * 20 ) 





10 he] 
Number of Ba '®” injections 











FIG. 4. Under worst conditions leakage of 
original Cs'*’ charge into Ba'*’ injections 
rises to 0.03 “% at 20th injection 
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FIG. 5. Setup used to measure mass flow 
has density gage between two detectors 
sed to find flow rate 


gamma detectors are spaced AT 
distance apart on a straight 
pipe. These detectors are con- 
ted in parallel and feed a single 
itemeter and recorder. As the Ba!* 
detector A, an increase In count 
observed. When the radio- 
i'*7 passes detector B, a second 
crease in count rate is observed. 
distance between the detectors 
| by the time between pulses 
the velocity of the fluid. 
eral refinements of this flow sys- 
ire possible. For example, the 
flow rate can be measured as 
n in Fig. 5 by placing a density 
gage on the pipe. By proper calibra- 
tion, the system output directly indi- 
cates the flow rate in pounds per hour. 
In these cases a simple computer can 
be used to combine the time-interval 
neasurement with the density meas- 
urement and present a final pounds- 
per-noul reading 
This method was used in one appli- 
ition of the gamma milker for meas- 
r the rate of flow of a scouring sand 
iidized-solids system. The dis- 
between detectors was limited to 
for this was the longest run of 
pipe without any restrictions 
ie of velocities encountered 
iriation from 3 to 40 see for 
run. The density of the 
ng solid varied with the velocity 
Other applications. The milker 
has had several applications in the 
itory for demonstration purposes. 
activity has been used to 
the coincidence correction and 
oincidence-decay curve for a 
ilar counting setup. It has also 
used for laboratory half-life 
ents 
* * * 
thors gratefully acknowledge the 


sistance of J. Paul Peterson in 
and carrying out many of the 


; 


nla involved in this work. 
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Send your 


résumé 


A word from 


Dr. William E. Shoupp, Technical Director 


Westinghouse 
Commercial 
Atomic Power 


“Our scientists and engineers are the pace setters in the brand 
new field of nuclear science and engineering-for-power 

“Westinghouse has specific commercial projects under way 
These represent firm orders—not just jobs under negotiation 
The results will be visible in the shortest possible time, as the 
projects are built and go into their operative stage. And you 
don’t have to be experienced in nuclear power to join us in 
this exciting new profession,” 


An Experienced, Young, Fast-Growing Team 


CAPA—Commercial Atomic Power Activity—is the most dy 
namic new division at Westinghouse. We're ‘‘fluid,’’ not fixed 
Supervisory jobs open up fast! 

Our growth curve is bound to be steep—as electric power 
demand and atomic power production pyramid sharply. We're 
entirely commercial—not dependent on government contracts 
Opportunities for advanced study at company expense, Get in 
on the “industry of tomorrow’”’ today—at Westinghouse CAPA 


Immediate Openings for professionally established men and 
those just starting their careers: Physicista * Physical Chem 
ists « Chemical Engineers « Mechanical Engineers + Electrical 
Engineers « Designers « Metallurgists. 


Please mail résumé of your professional and 
business background to: C. 8. Southard, West 
inghouse Commercial Atomic Power, Box 355, 
Dept. 142, Pittsburgh 30, Pennsylvania 


WATCH WESTINGHOUSE! 


FIRST IN ATOMIC POWER 
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BOOKS RECEIVED 


American Institute of Physics Hand- 
book, Dwight EK. Gray, coordinating 
editor (McGraw-Hill Book Co., New 
York, 1957, pages, $15.00). 
Much of the data of physics that is cur 
rently hard to find is now available in 
the long-awaited AIP handbook: mo 


m 1,525 


lecular energy levels, gamma-ray ener 
gies, the formulas for 7'/o,, modes, et« 
The field of physics is divided 


information 


into 


eight sections, and = the 
judged most important is given in the 
form of definitions, nomenclature, laws 
formulas, and vast tables of physical 
constants. 

It is unfair, in fact 


evaluate such a volume except by find 


1npo “ible to 


ing out how many times it satisfies and 
how many times it frustrates in a life 
time, first 
glance that a more vigorous and more 


However, it appears at 
rigorous editorial plan would be an im 


provement, Some sections end with a 
bibliography ‘some start with a bibliog 
raphy; some have none. Peltier effect 
is defined on page 5-4 and again on 5-08 
but the reader who looks for it will find 
only the latter in the index, Half-life 
indexed We 


hope that such random sampling is not 


is not defined or can 
representative and that with use and 
growth the book will fill a need besice 
our venerable “Handbook of Physics 


and Chemistry.”’—-RHI 

Principles of Nuclear Reactors, by 
Stephen Malaker (International Corre 
spondence Schools, Scranton, Pa., 95 
pages). 
engineering that has no equations. It 
is designed for the final course in the 
This little vol- 


ume will serve as a valuable introduc- 


This is a new book in nuclear 


ICS nuclear program. 


tion to the concepts of nuclear reactors 
something that is much needed by those 
who would like to go on to meatier 
literature and by 
speaking acquaintance to be 
effective technicians and 


tors. -RHE 


those who want a 
more 


administra- 


Radioisotopes, A New Too! for Indus- 
try, by Sidney Jefferson (George 
Newnes, Ltd., London, 1957, 110 pages 
$2.45). A layman’s introduction to its 
subject, this book devotes its first half 
to industrial applications and its second 


126 


to the fundamentals of radioactivity 


The language is clear and simple 


Electronic Components Handbook, 
edited by Keith Henney and Craig 
Walsh (McGraw-Hill Book Co., Ine 
New York, 1957, vii + 244 pages 
$9.00). This book lists environmental 
effects on resistors, capacitors 
Military 


ire given for each. 


relays, 


and switches. specifications 


Automation: Its Purpose and Future, 
by Magnus Pyke (Philosophical Li- 
brary, Inc., New York, 1957, 191 pages 
$10.00). 
tyle, the author starts with a descrip 


In an interesting, narrative 
tion of computers, devotes the major 
part of the book to applications of auto- 
mation, and concludes with speculation 


on automation’s impact on society. 


Rutherford—Atom Pioneer, by John 
Rowland (Philosophical Library, Inc. 
New York, 1957, 160 pages, $4.75). 
This biography is written with the be- 
lief that 
part in shaping the course of modern 


Rutherford played a major 


physics. It follows his life and career 
without attempting to probe the techni- 
cal implications of his work 


Inventors and Inventions, by C. D 
Tuska (McGraw-Hill Book Co., Ine 

New York, 1957, x + 174 pages, $3.75) 
This book tells how to protect, patent, 
and market inventions, Case histories 


suggest how best to use creative 


abilities. 


Tubes for Computers, by Philips Elec- 
tron Tube Div. (N. V. Philips’ Glo- 
eilampenfabrieken, Eindhoven, Hol- 
land, 1957, ix + 51 pages, $1.50). This 
book, no, XII in the Philips’ Technical 
Library, describes special tubes for 
high-speed and low-speed computers 


and gives some typical circuits. 


U.H.F. Tubes for Communication and 
Measuring Equipment, by Philips Elec- 
tron Tube Div. (N. V. Philips’ Glo- 
Eindhoven, Hol- 
Tube 


eilampenfabrieken, 
land, 1957, ix + 60 pages, $1.50). 
range for U.H.F. and 8.H.F. waves is 
described; noise-factor measurement at 
these frequencies is also dealt with. 


Building an Engineering Career, 3rd 
ed., by Clement C. Williams and Erich 
A. Farber (McGraw-Hill Book Co., 
Inc., New York, 1957, x + 299 pages, 


$4.75 This guide to the engineering 
student takes cognizance of engineering 
developments since the Second World 
on ‘Atomic, 
(the latter 


heading containing a slightly disturbing 


War, e.g., the chapter 


Nuclear, and Solar Energy”’ 


redundancy) 


Thermodynamics and Statistical Me- 
H, Wilson (Cambridge 
University New York, 1957 

+ 495 pages, $9.50) This book 
written for the theoretical physicist 


chanics, by A 
Press 


avoids much of the mathematical de- 
tail as for that type of 


reader. It presents the classical devel- 


unnecessary 


opment of thermodynamics, derivation 
of fundamental! statistical-mechanics 


formulas, and applications 


Nuclear Reactor Physics, by Raymond 
L. Murray (Prentice-Hall, Inc., Engle- 
Cliffs, N. J., 1957, xi + 317 
$10.00) 


wood 


; 


pages (To be reviewed.) 


ALSO OF NOTE 


World Wide Industrial Role of Nuclear 
Energy. In qualitative, easy-to-grasp 
John Jay Hopkins discusses the 
This booklet 


nuclear 


term 
role of nuclear energy 
encompasses the impact of 


energy on the world economy, the 
progress being made in various coun- 
tries, and the elementary principles of 
nuclear energy 119 p. Director of 
Publications, General Dynamics Corp 


145 Park Ave Vew York 22, N. Y.., 


$1.00 


National Bureau of Standards Annual 
Report, 1956 (NBS-220). This report 
summarizes research and development 
activities in the physical sciences. 158 
p. Superintendent of Documents, U.S 
Government Printing Office, Washington 


25, D. C., 30.60. 


Magnetic-Amplifier Circuits: Basic 
Principles, Characteristics, and Appli- 
cations, 2nd ed., by William A. Geyger 
(McGraw-Hill Book Co., Ine., New 
York, 1957, 396 pages, $7.00). This 
enlarged extensive 


edition, avoiding 


mathematics, uses descriptive and 
graphical methods to interpret essential 
facts 


to circuit functions. 


Material is classified according 


Radiological Health Handbook (PB 
121784 Prepared for U. 8. Public 
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Health Service training courses, con- 
tains a glossary and sections on physi- 
chemical, and mathematical data; 
radioisotopes; decay; radioassay; radi- 
ition protection; and a table of iso- 
opes. 356 p. Office of Technical 
Services, U.S. Department of Commerce, 
Washington 25, D. C., 83.76. 


Bibliography of Devices for Damping 
Mechanical Vibrations (PB 121299). 
This bibliography, prepared by the 
N covers literature published be- 
veen 1924 and Aug. ’56. 101 p. 
Office of Technical Services, U. S. De- 
partment of Commerce, Washington 26, 
dD. ¢ $2.75 


Bibliography on lonizing Radiations, 

Supplement No. Ill, Parts | and Il. 

These volumes supplement the series 

uliation sterilization of foods pre- 

red by the Quartermaster Food and 

ontainer Institute. PartI (PB 111636 
$4.75; Part II (PB 111636 8-3) 

$3.00. Office of Technical Serv- 

l’. S. Department of Commerce, 

Washington 25, D. C. 


Contributions on Partially Balanced 
Incomplete Block Designs with Two 
Associate Classes. This monograph, 

W. H. Clatworthy, is part of Na- 
tional Bureau of Standards Applied 
\lathematics Series 47. Tables list 75 


ew designs. 70p. Superintendent of 


Documents, Government Printing Office, 


Wa hington 25 PD). Cu $0.45. 


The Chemical Industry Facts Book. 
Chis third edition describes the chemi- 
industry’s growth, operation, and 
technological contributions. 160  p. 
Vanufacturing Chemists’ Assoc., Inc., 
Lf Eye St., N. W., Washington 6, 
I), ¢ $1.25 
Encyclopedia of Instrumentation for 
Industrial Hygiene, edited by C. D. 
Yaffe, A. D. Hosey, and D. H. Byers 
University of Michigan, Institute of 


Industrial Health and School of Public | 


Health, 1956, xvii + 1,243 pages, 
$30.00 This volume covers 500 in- 
truments of 60 manufacturers for 
easuring air contaminants, air veloc- 
ind metering, sound and vibration, 
zing radiation.and u-v, visible, and 


frared radiation 


Meetings of the Academy of Sciences 
of the USSR on the Peaceful Use of 
Atomic Energy—July 1 to 5, 1955; 


Vi 1, Plenary Meetings. This is} 
the first of five volumes translated from | 


Russian into German. 85 p. Akad- 
ie Verlag, Mohrenstrasse 39, Berlin 


WS8, Germany, $1.57 
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HOKE announces 


For conditions ranging frorn 3000 psi to 

low vacuums, or distilled water to corro- 

sive fluids. Series consists of four basic 

stainless steel bar stock vaives O-ring 

or Tefion packing with flat Tefion disc or 

vee point non-rotating, replaceable stem HOKE 

plug plus six body styles All parts 

interchangeable as well as replaceable. INCORPORATED 
Choice of 4%", %" or ’&”" pipe sizes or Fluid Control Specialists 
Swagelock tube fittings. Panel mounting 

too. Get the facts about this "'10 in 1"’ 235 S. Dean Street 
vaive. Write us today. Englewood, N. J. 


See Us At Des. Eng. Show N. ¥. May 20-23 


NMC ) COMPLETE MONITORING SYSTEMS 
for radioactive 
AIRBORNE PARTICLES - GASES 
WATER CONTAMINATES (Soluble or Suspended) 


INDIANAPOLIS 


A,f3,7 ; {3.7 
AiR am 
MONITOR MONITOR 
Mobile ; Mobile 
Model AM 3-A A Model AM 2 
(moving filter ) . (fixed filter) 


@ Records and warns automatically for periods up to one week, unattended 

@ Complete monitoring systems or individual units (illustrated) assembled 
from standard components 

@ Custom built to solve any monitoring problem 

@ Designed for absolute containment of sampled radioac tivity 

@ NMC professional consultation included with each instrument 


Nuclear Measurements Corp. 
Send for 2460 N. Arlington Ave. + Telephone: LIBERTY 6-2415 
FREE CATALOG INDIANAPOLIS 18, INDIANA 


international Office: 13 E. 40th St., New York 16, NLY 





PRODUCTS AND MATERIALS 


| 
.) 


Has « pac 
Factors 


14.5 psaee average access 


300,000 


Digital Computer Solves 
Linear, Nonlinear Problems ity of 


may be up to 57 binary digits plus sign 


words ree | 


solve linear, non 


G-15D 
linear differential equation 


computer with operation time equal to 0.27 psec 
for command access plus 0.54 pwsee per 


Bendix A 
Ang le s 5 


multiph 
digit of multiplier iation 


5630 Arbor St., Los 


cation of arbitrary precision possibl 
Single or double precision 1s optional ( orp 


Main drum memory is 2,160 words with Calif 





Computers and Components 


Translater 


Printer-plotter translates output of 


computer into printed records; reads 
out information at 300 plotting points 
per sec. Machine is designed as part 
data-handling system 


607 1 Second A ve 


i 


of automat 
Burroughs Corp 
Detroit 32, Mich 


Integrators 
Ball-and-disk 


computing systems requiring mechani 


integrators are used in 
cal solution of differential equation 
Integrators are included in standard 
bread-board parts 
Newport Beach 


electromechanical 


line.-Helipot Corp., 


Calif, 


Read-out. [Klectronic read-out tubs 
converts electronic signals to readabl 


Built-In Logic 


characters. Contains numeric digit Data-processing system 112 computes 


triggered by '4-watt voltage source ind logs secondary 
Electronic Tube Automati 
Corp., Plainfield, N. J previous 


128 


operating guides 


Division, Burroughs logging devices eliminate 


manual calculations (‘om 


puting analog-to-digital-converter 
shown) processes incoming information 
from thermocouples, pressure gages 
inalysis instruments.—Beckman 
Instruments, Ine., 2500 Fullerton Rd 


Fullerton, Calif 


steam 


IBM-709 Computer 


New computer, model 709, has features 


including independent input-output 


control, automatic indexing facilities 


irray of logical operations Magnetic 
core storage has capa ity up to 32,768 


Arith 


ind control system has parallel! 


words or 327 000 decimal digits 
met 
binary design with 36-binary-digit word 
length 
rate about 42,000 per second for addi 
subtraction; 240 
about 4,000 for multiplication or divi 
12,000 per 
Inter- 
susiness Machines Corp., 590 
New York 22, N. ¥ 


Calculating speeds 24 MACK 


tion oF msec—ratk 


sion: 24 uwsec—rate about 


second for logical operations 
national 


Madison Ave 





Computer Power Supply 


For computer applications d-c power 
+ 0.01 % 
50 mv and d-c output 
Has 


mpedance and magnetic am 


supply has regulation olf 
Unit has 


of 200 volts 


ripple < 
t+10% at 3 amp. 
dynam 


plifier with electronic control Con- 


tains no saturating a-c regulators or 
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Westinghouse 
announces 
two new 
Neutron 
detectors 


Extending the range of neutron detection . . . with 
operational and reliability advantages for nuclear 
physicists and engineers. Only Westinghouse... 
with the developmental “lead time’’ provided by 
the pioneering U. 8S. S. NAUTILUS .. . can help 
you plan and build so much experience into your 
nuclear equipment. 


The WL-6938 high sensitivity BF; proportional 
counter permits use of a smaller reactor source, 
more convenient location of detector, or elimination 
of pre-amplifier in instrumentation channel. 


The WL-6941 uncompensated ion chamber has per- 
formance in the power range equivalent to com- 
pensated ion chambers at substantial savings in 
detector cost. 


First of its type te carry 
Highest sensi- a Warranted-Life 


tivity neutron hee 
putron sensitivity 
detector offered 4x 107" ampa/nv 


teen ae Gamma sensitivity 
er 5 8 x 107" ampa/R/hr. 
oy 60 counsel Warranted life 10" nvt. 
ae an ws t This detector contains 
see wale . U-235 and can only be 
— purchased with A.E.C 
WL-6938 authorization. 


WL-6041 














Commercial Engineering Depart 
mn : : Corporation, Elmira, New York. 

The coupon (right) will bring you complete data. 
For information on other Westinghouse detec- 


tors, attach separate request on your letterhead. 


Please send Data Sheets on the detectors checked 

O) WL-6938 O WL-6941 

Cj) Information requested for other detectors as noted on 
attached sheet. 





you can BE SURE...1F ITS 


Westinghouse 


TET-4106 Electronic Tube Division, Elmira, N. Y. 


Organization 





Position or Title 





Addres 





City ———=—sF— Flr — 
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essential 


books in 
Nuclear Science 


A collection of the best books in nu 
cleonics, available at your bookstore, or 
for examination in your home or office, 
with full return privileges. (Write for easy 
terms on orders of $25.00 or more.) Send 
coupon below, circle number correspond 
ing to book wanted; books shipped postage 
free on prepaid orders 


THE GENEVA SERIES 


on the Peaceful Uses of Atomic Energy 


1 Dr G. Beckeriey, General Editor 
¢ Six fundamental technical books, each 
complete in itself, dealing with the prin 
cipal aspects of the subject, all carefully 
selected, indexed, and logically arranged 
from the original Geneva papers 
Special pre-pub price for complete 
series, $42.50 


NUCLEAR FUELS, by David H 
Gurinsky and George J. Dienes. The 
metallurgy of thorium and uranium 
radiation effects; solid and fluid fuels 

380 pages, NEW $8.50 


EXPLORATION FOR NUCLEAR 
RAW MATERIALS, by Robert D 
Nininger. Covers the methods and 
techniques of prospecting for nuclear 
metals. NEW $8.50 


NUCLEAR REACTORS FOR RE 
SEARCH, by Clifford K. Beck. Clas 
sifies all important papers on every 
type of research reactor, uses, per 
formance and other factors affecting 
choice NEW $8.50 


NUCLEAR POWER REACTORS 
by James K. Pickard. Nuclear power 
prospects and economics, reactor de 
sign and construction in detailed 
studies. Coming this month 
Pre-pub price $7.50 


SAFETY ASPECTS OF NUCLEAR 
REACTORS, by C. Rogers MeCul 
lough. Normal hazards, monitoring, 
decontaminating components, per 
missable concentrations, and /waste 
disposal. Coming this month 
re-pub price, $7.50 


NUCLEAR RADIATION IN FOOD 
AND AGRICULTURE, by Ralph 
Singleton. Radioisotopes in agricul 
ture, crop improvement, photosyn 
thesis, nutrition, hazards 

In preparation. Pre-pub price $7 50 


THE PROSPECTS OF NUCLEAR 
* POWER AND TECHNOLOGY, by 
Gerald Wendt, Directorol thelnatitute 
for Atomic Developments, New York 
A vital report on the present status of 
nuclear fission, international in scope 
Dr. Wendt thoroughly discusses the effects 
of present and future development in 
nuclear power upon the national economy 
the generation of electricity, the produc 
tion of heat for industrial uses, in trans 
portation and foreign markets; and the 
social consequences for society in a nuclear 
age 224 pages, $6.00 
9 PRINCIPLES OF NUCLEAR RE 
* ACTOR ENGINEERING, by Samuel 
Glasstone, Consultant, United States 
Atomic Energy Commission. A com 
prehensive description of the scientifix 
principles upon whic h reactor engineering 
is based 861 pages, 230 111, $7.95 


-==—=—MAIL THIS COUPON NOW-« « «= 
N-5.57 

Clip and mail to your bookseller or to 

D. Van Nostrand Company, In 

120 Alexander Street, Princeton, N.J 


Please send books corresponding with circled num- 
ber (s), for 10 days free examination. After 10 
days, | will remit purchase price, plus postage, or 
return book (+) and owe nothing 


! 2 3 4 5 6 7 
——— 
ABBRO06 eee 

city ZONE. 


STATE 











large capacitor banks. Over-all dimen- 
sions are: 1944 K 15 & 12% in 


kin Engineering Corp., 345 Kansas St., 


Per- 


El] Segundo, Calif. 


Self-Powered Analog 


Self-powered operational manifold for 
use with plug-in computing modules, 
meters, recorders oscilloscopes. Tri- 
ingular arrangement locates amplifier 
terminals, D-c, a-c 
pilot 
mounted on front panel. 


+ 300 


input, output 


operating switches lamps are 


Power sup- 
volts l-c, 


ply offers regulated 


0-10 ma for external use while provid- 


ing 6.3-volt a-c 


supply for filaments. 
Preci Ion voltage reference serves both 


Philbrick Re- 


IRD ( ‘ongre as St 


channels George A 


earches Ine Boston 


10, Mass 


Ball Resolver 


Miniaturized precision mechanical ball 
resolver is used in analog computation 
Input shaft (0.1248-in 
diam) can be driven up to 100 rpm It 


applications 


requires 5 in.-oz at 25° C for output 
oz at 0.187-in.-diam sine and 
shafts 


shafts concentric with input establishes 


of l-2 in 


cosine Orientation 


output 


output relation with accuracy of 


+0.5% over a 360 deg range ( om po- 


nent is 2'¢ in. long, weighs <4 lb with 








High Resolution 


CESIUM IODIDE (T.) 
SCINTILLATION 
CRYSTALS 


SUGGESTED APPLICATIONS 


@ HEAVY PARTICLE, ELECTRON AND 


MESON DETECTION 
@ SMALL, HIGHLY DIRECTIONAL PROBES 


@ X-RAY SCREENS FOR NON-DESTRUC 
TIVE TESTING 


Write for Technical Bulletin 257E 


We manufacture an extensive 
line of high quality scintillation 
including 
*Lil (Eu 


plastic 


KBr 


and optical crystals 
Nal(T1), Lil(Eu 

anthracene, stilbene 
scintillators, NaCl, KCl 
KCl, KI, CsBr and Cs] 








ISOMET 
CORPORATION 


P.O. Box 34 © Palisades Park, N. J. 





A copy of this quick-read- 


ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the “WHY and HOW 
booklet.” 
eeeeeeeveeece 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 
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itput shafts extended 'y in. from ad- 
J t laces Vectron, Ine., 1620 
l elo Rd., Waltham 54, Mass 


Control link. Interconnects digital 
inalog systems for computer-controlled 
processes. System can handle dy- 
I range of 100,000 to 1 in several 
Use Accuracy is +0.1% of actual 
tage or number or +1 mv. Mag- 
cores arranged in 15-channel & 
bit matrix. Digital word can be 
entered into storage in 4 usec; analog- 
to-digital conversion time is 105 psec 
digital-to-analog conversion time is 120 
us Epsco, Inc., 588 Commonwealth 
Ave Soston 15, Mass 








Buffer Storage Unit 


dent-current magnetic-core stor 
init can be used as a temporary 
buffer, or delay unit in data proc- 
ng, computing and automation sys- 
Keach of 1,092 characters has 

of seven binary digits in 
Storage unit is completely 
torized.——Telemeter Magnetics, 
2245 Pontius Ave., Los Angeles 


Transistorized Computer 


iter incorporates combination of 

tors and printed circuitry. Has 

emory capacity of 4,096 words 

ible to 65,536. System con- 

sists of central computing unit, paper 

tape input-output. It can perform 

39,000 additions or subtractions per 

2,000 multiplications per sec, or 

10,000 divisions per se Phileo Corp 
Phila phia, Pa 

& 


Paper tape console. Photoelectri: 
reader reading 400 characters per se« 
and punch cap ible of 60 characters per 


Vol. 15, No. 5 - May, 1957 


For economical, efficient 
protection against Gamma Rays 


The low-cost metal, lead, is the most efficient protection against 
gamma rays because it is the densest of readily available metals 
and because it does not become contaminated from exposure to 


radioactive materials 


Federated has designed many practical lead protective devices. 
Among them are interlocking lead brick and convenient containers 
for carrying or shipping radioactive isotopes. Federated is constantly 
working with nuclear scientists to develop means of incorporating 


lead into structures which must be impervious to gamma rays. 


If you are designing temporary or permanent structures to 
house or transport radioactive materials, Federated’s experienced 
lead metallurgists will be pleased to advise or devise as required. 


Simply call your nearest Federated office. 


WB Sedeilil Mil. & 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 


120 Broadway + New York &6. N.Y. 


In Canada: Federated Metals Canada, Ltd., Toronto and Montreal 
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MINIATURE 


RECORDING 


POTENTIOMETER 


This revolutionary recorder saves 
you two woys.. . fits in a small 
space (only 9% inches wide and 8'% 
inches tall) and costs less. 


Model 2705 


——-—.- 
































SPECIFICATIONS 


Null balance 
Pen speed: | second 

5% accuracy 

TC or MV calibration (SMV to 1O0MV) 
Automatic continuous standardization 
Max source impedance 

1000 ohms per MV of span 

14% sensitivity 


OPTIONAL FEATURES 
3 speed chart drive transmission 
1 to 4 SPOT adjustable contro! switches 
Reference junction compensation 
Selsyn motor chart drive 
Transmitting slidewire 


Event marking margin pens 


westronics 


ee 


3605 McCART STREET 
FORT WORTH, TEXAS 


ec make possible an |,800% increase 
in input speed and 500% rise in output 
system. 

Pacific 


speed of digital computing 
141 5 
Calif 


Logistics Research, Inc 
\ f ti dondo Beach 


RADIATION DETECTORS 
AND ACCESSORIES 


Portable Counter 


counter count- 
12,000 


electronic decade and 5-digit mechani- 


Seven-pound accepts 


ing rates to cpm; combines 


cal register. Requires 2.5-volt input 
Performance Measurements Co., 


15,301 W. MeNichols Rd., Detroit 35 
Mich 


Internal-Gas Counters 


Designed for measuring tritium and 


carbon-14 with maximum sensitivity 


ounters can be used for low-level 
counting including radiocarbon dating 
Available in 
Radi- 


ation Instrument Development Labo 


ind tritium hydrology 
sizes from 100 em?’ to 5 liters 


ratory, 5737 Halsted St., Chicago 21 


Illinois 


Area Monitor 
Nucliguard 


monitor has 


aren personne! equipment 
3-decade = logarithmi 
Has 
visual and 
Measurements 


count-rate meter built-in cali 


sample audio 


Nuclear 


bration 


ilarms 


Corp 


2460 N 


Indianapolis 18, Ind 


Arlingtor 


Shielded Turntable 

Model LS-7M lead shield has 3-tray 
turntable that permits preparing one 
counted 
Tech- 


Providencia 


sample while another is 
Has swing-out absorber shelf. 
nical Assoc iates l 10) WW 


Ave sSurbank, Cal 


Spectrometer 


Viodel 300 used for alpha, beta, or 


gamma spectrometry. Has energy- 


band width ranging from zero to full 


spectrum, Unit consists of linear pulse 


implifier, pulse-height analyzer, pre- 


cision ratemete and high-voltage 


Kach unit, which has 


cove»°nrs 5OO 2 OOO 


power supply 
its own power supply 
volts and furnishes current up to 1 ma 
Regulation is 0.005% Mount Sopris 
Instrument Co 1320 Pearl St 


toulder. Colo 


Nonoverloading Amplifier 
Model is 


proportional counters 
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made for scintillation and 
Amplifier feeds 





ist discriminator circuit. 


! amplitude which triggers at 1.5 Me. 
Signals sent to external fast scalers or 
circuits.—Beva Labora- 
PO Box 478, Trenton, N. J. 


, idence 


Discrimina- | 
r generates signals of uniform width | 


During the past 5 years, the proven performance of the EKCO Model 1079-C Vibrat- 


| ing Reed Electrometer has made it preferred by actual users, both here and abroad 


Nonblocking Amplifier 


Model 348A combines linear ampli- | 
Meas- | 
made of 662-kev | 
gammas in Co® background of 
2 10’cpm. Output pulse width is 
2 usec; overload recovery, 7 usec.— 
Fr Electronics, E. 4th St. 
Bridgeport, Pa. 


fier, single-channel analyzer. 


ements can be 


inklin 
, 





5-Decade Scaler 


| scaler has 5 plug-in decades. 


Single 100,000 indicator permits count 
99 999 1 | 


Resolution time is 
resets, and 
Associates, 140 


Burbank, Cal. | 


Single lever stops 
Tee 


yvidencia Ave 


LITERATURE AVAILABLE 


Stainless-steel clip- 


hnical 


Tube protectors. 
tube protectors that provide safe- 

condensor tubes are covered 
19B8590.—Allis-Chalmers 

iwaUuKnee l, Wis. 


pulletin 
( Mi 
Facilities for 


Reactor capabilities. 


nee! 


ng and constructing nuclear 
explained in illustrated 37- 
ACF Industries, Inc., 


Ne W York s, N. a 


tor ire 

oKiet 
hurch St 
de- 


instruments. Brochure 


instruments for re- 


Nuclear 
rite ickaged 
and simula- 


rs, critical assemblies 
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Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving 
small current and voltage measurements. 


STABILITY..... + 1 mv, day-to-day 

SENSITIVITY 0.03 pya full-scale reading @ max 

RANGES:. 0-30, 0-100, 0-300, 0-1000 mv 

INPUT..... internal, switch-controlied, 10", 10'", 10' ohm resistors 
OUTPUT:. veoneOperates with 1 ma or 100 mv recorder 

POWER: ee 110/120 of 200/250 v, 40/60 cps, 40 w 

WEIGHT: ..Only 29 ibs., complete with cables 


Write TODAY for Bulletin L-572 for complete data 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. * Dept. n5 
U.S. SALES & SERVICE for 


EKCO ELECTRONICS, LTD., Essex England 





Atomic Industry’s 
Dependable Source 
For Corrosion, Wear 
And Heat Resistant 
Welded HARD-FACED 


Components 


ENGINEERING 
CONSULTATION 


@ Recognized as one of the leading manv- 
facturers of hard-faced « ts, Clevel 
Hard Facing has the creative engineering, 
production skills and facilities to produce com- 
ponents to your specifications. 

For dependable components with superior 
surface properties and precision finish that 
offer these additional features: exceptional 
wear qualities, dimensional stability and high 
compressive strength, contact Cleveland Hard 
Facing. Our specialists will welcome the op- 
portunity to consult with yeu on your speci- 
fic problem. 


Write for detailed literature 


COMPLETE 
PRODUCTION 
FACILITIES 





Application Specialists Of Wear, 
Corrosion And Heat Resistant Overlays 


CLEVELAND HARD FACING, INC. 


CLEVELAND 5, OHIO 
133 


3047 STILLSON AVENUE 





SCALER AND RATEMETER 


For every application 
never becomes obsolete! 
@ New unitized construction assures complete adaptability for every 


by eliminating the need to duplicate facilities this modern 
additional 


application 
engineering 
economies! 
Input unit available as plug-in G.M. amplifier or plug-in linear 
amplifier and single channel pulse height analyzer. 


PLUG-IN DECADE SCALER AND TIMER UNIT: 


* Choice of decade counting group: (a) one megacycle decade and two 
100 KC decades (b) three 100 KC decades 


time from two seconds to one 


concept of plug-in units means equipment 


* Built-in timer is adjustable for 
hour in one second increments 


pre-set 


* High speed register allows a counting rate up to 25,000 counts per 
second through scaler 

* Scaling ratio selector allows register to be actuated every 10th, 100th, 
or 1000th pulse 

Power supply is an integral part of the common chassis—both high and 

low voltage is electronically regulated. High voltage is continuously var- 


iable from 500 volts to 2500 volts 


Plug-in power contro! and meter panel 


From a scaler to a ratemeter in seconds . . . units are quickly inter- 


changed just by loosening the thumb screws on the front panels! 


PLUG-IN RATEMETER: 


* Eight full scale ranges: 600,000, 
600, and 300 counts per minute. 


300,000, 60,000, 30,000, 6,000, 3,000, 


© Time constant can be selected as follows: 0.5, 1.0, 1.5, 5.0, 10, and 15 
seconds 
* Accuracy better than +5% of meter reading 


FREE SPECIFICATION SHEETS UPON REQUEST! 











NUCLEAR-ELECTRONICS CORP. 
CUMBERLAND SI 
PENNA 


632-36 WEST 
PHILADELPHIA 32 


ot 
nu-tronic 
PRODUCTS 


SAgamore 2-2662 


Minneapolis-Honeywell Regu- 
lator Co., Wayne & Windrim Ave 


Philadelphia 44, Pa 


tors 


Tracers. Catalog and price list dis- 
cusses labelled compounds and stand- 


New England Nuclear 
Albany St Boston 1s, 


ard SOuUrTCEeS 
( orp 575 
Mass 


Labeled compounds. Catalog lists la 
heled 
equipment and services for nuclear re 
Volk Radiochemical Co,, 5412 
N. Clark St., Chicago 40, IIL. 


compounds, isotope-laboratory 


search 


Folder 
and finger film-badge services 


Film badges. shows body, 
wrist 
also fast-neutron-monitoring badge 
R. 8. Landauer, Jr., & Co., 24 Plaza 


Park Forest, Ill. 


Bulletin ALB 
1-A discusses atomic activities, reactor 
Babcock & Wilcox Co., 161 
New York 17, N. Y. 


Reactor construction. 


building 
kK. 42 St. 


RM 
100-104 discuss four reactor monitoring 
160] 


Reactor monitoring. Bulletins 


Tracerlab, Ine 
Mass. 


instruments 
Trapelo Rd., Waltham 54 


Cobalt-60. Bulletin KC-1 
uses of Co® for research and processing 

Atomic Energy of Canada, Ltd., PO 
Ottawa 


outlines 


Canada 


INDUSTRY NOTES 


P Beryllium Corp. will convert a rail 
Ashmore, Pa. to a 


, 
sox U4 


road roundhouse in 


Be-extraction plant 


> Chem-Pure Service Co., San Carlo 


Cali specialists in manufacturing 
ind nuclear waste 


doubled t 


water conditioning 


reclamation tem has 


pl int facilities 


P& Universal Atomics Corp., Westbury 
N. Y. has changed its name to Uni- 
versal Transistor Products Corp. 


> ACF Industries, Inc. has combined its 
Nuclear Energy Products and Erco 
Engineering-Research Co.) divisions 


Marshall G. Holloway was 
president ol the 


named 
i ombined div Isionh 


vyhose headquarters isin Riverdale, Md 


Nuclear Instrument Division, Albu 
querque, N. M. is a new subsidiary of 
Gulton Nuclear In 


strument will specialize in instrumenta 


Industries, Inc. 


tion for communication links and read 


out meters 
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NEWSMAKERS 


Eger V. Murphree, president of Esso 
tesearch & Engineering Co., has been 

to AKC’s General Advisory 
Committee, succeeding Eugene P. 
Wigner, resigned. The term runs 


int Aug. 1, 1958 


Samuel Storchheim is president and 
technical director of Metals Research & 
Development Inc., a newly-formed 
exeter, Pa., to act as a labora- 
consulting service in the fields 

metals, cermets and ceramics. It 
eciaiize in reactor core compo- 


ork 


James H. Gardner and Arthur G. 
Walsh have been promoted to assistant 
ctors, research division at National 


urch Corp 


Oscar S. Gray has been elected secre- 
tary and treasurer of Nuclear Mate- 
equipment Co., Apollo, Pa 

i member of the Legal 

Office in the Department of 

ite, he succeeds Frederick Forscher 

| Leonard Pepkowitz who had filled 

two posts separately; they remain 
presidents in charge of metal 


und chemistry respectively. 


ARC | promoted John W, Ruch from 
leputy director to director of the feed 

iterials division at Oak Ridge, suc- 
ceeding Francis R. Dowling, transferred 
to Washington (NU, April °57, 132) 
Berwyn M. Robinson, deputy director 


the Fernald area office, succeeds 


William W. Lowe, nuclear engineer 
vith Hanford, Los Alamos 
| Bath Iron Works, Bath, Me., has 
partner in Pickard-Warren 

ociates, Washington, D. ¢ 


Lieuwe J. Dijkstra from the U. of 
vith Westinghouse since 
George L. Guthrie, research 
in the physics department of 
lotor Co.'s research labs, have 
| the staff of the Hopkins Labora 
General Dynamics Corp 

Atomic § division soth are 
ts specializing in properties cf 
eta General Atomic also named 
Harry L. Browne assistant to the divi 
general manager Formerly man 
iclear products department, at 
n Product he had earlier 
engineer and administrator at 

| the Manhattan District 


Petroleum’s atomic energy 
has engaged Bernard Keisch 
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Only 
one 
name 


identifies 


the 
finest 
In 
fittings 


CRAWFORD FITTING COMPANY 


B64 East 140th Street 


Clevetanda to 


Onie 





HAWS EYE-WASH 
FOUNTAINS 


Even though summoned medical aid arrives 

as rapidly as possible, time elapsing between 

occurence of eye accidents and a physician's 
care is too often the period when permanent 
harm is done. 

Bridge this “danger period” with HAWS Emergency Eye- 
Wash Fountains that permit injured work- 
ers instantaneously to wash injurious mat- 
ter from their eyes with clear water at safe 
controlled pressure 
Available with HAWS Drench Shower At- 
tachment to form an “emergency first aid 
station” for your employees’ protection. All 
HAWS Safety Equipment is designed and 
manufactured in cooperation with leading 


safety engineers 


Write for full detatls today! 
| DRINKING WUIYT4s xr 


1439 FOURTH STREET (Since 1909) BERKELEY 10, CALIF. 








PRODUCTION OR CUSTOM 
METAL FABRICATION 


During the past ten years we have developed a special competence in high tolerance 
machining and spectroscopically tight welding for systems operating at pressures varying 
from 60 microns to 10,000 psi and over the full range of temperatures to 2,000 F 


WE FABRICATI FOR USE IN 
Stainless Steel Tanks 

Carbon Stee! Pressure Vessels 
Inconel Heat Exchangers 
Monel Piping Systems 
Nickel Glove Boxes 

Copper Specimen Holders 
Lead Radioactive Transfer Casks 
Aluminum Retorts 

Titanium Furnaces and Ovens 
Zirconium Specialty Devices 


“If we can't perform, we won't bid” 


ADLER'S METAL WORKS 


1310 Germantown Ave Stevenson 4-3837 Philadelphia 22, Pa. 














FOR PRODUCT INFORMATION 
IN THE NUCLEAR INDUSTRY 
TURN TO THE . 


NUCLEONICS 


BUYERS’ GUIDE 
(IN THE NOVEMBER ISSUE) 


A McGRAW-HILL PUBLICATION 
330 WEST 42ND STREET, NEW YORK 36, N. Y. 








is @ separations research chemist 
John H. Ronsick as a reactor engineer 
and James McKenna as a reactor 
project engineer. Joining the Mate- 
rials Testing Reactor staff are Kenneth 
V. Moore as an irradiations experiment 


|engineer and Harry L. Kirkham as a 


health physicist; at the Idaho Chemical 
Processing Plant are Robert Henry, 
research chemist, and Ben M. Hautalla, 
health physicist; with SPERT is 
physicist-engineer John Grund. 


Graver Tank & Mfg. Co. has elected 
E. N. Gosselin, president since 1930, 
board chairman. J. E. Swanson execu- 
tive vice-president since 1948, succeeds 


him as president 


Davis R. Dewey Il was named president 
and director of Baird Atomics, Inc 
Cambridge, Mass. Walter S. Baird, 
former president, becomes board chair- 
man Dewey had been vice-president 


of High Voltage Engineering Corp 


Niels Bohr was recipient of the first 
$75,000 Ford Atoms for Peace Award 
The award will be granted annually 
for outstanding contributions to peace- 


ful uses of atomic energy. 


William C. Riley joined the ceramic 
research staff of Battelle Memorial 
Institute. He had been with General 
Klectric Co.’s Hanford operations 


/NUCLEAR CAMPUS 


® AEC will sponsor summer institutes 
in nuclear energy technology for 150 
university faculty members at Brook 
haven, Argonne, Oak Ridge, Ames lab 
and Hanford. Inquire of W.L. Collins 
Am. Soc. for Engineering Education, 
U. of Illinois, Urbana 

® One-year AEC fellowships in radio 
logical physics have been awarded 84 
students by Oak Ridge Institute of 
Nuclear Studies. Drawn from 31 
states, the fellows will each receive 
$2,500 plus other allowances. Stu 
dents will spend the nine months of the 
57-"5S8 academic year at a university 
then go to a laboratory for three 
months’ actual experience. Cooper- 
ating institutions are Vanderbilt | 

with Oak Ridge National Laboratory 

Rochester U. with Brookhaven; and 
the Universities of Washington and 
Kansas with Hanford Atomic Products 
Operation 

@ 117 other students—-from 33 states 
the District of Columbia, Canal Zone 

Hawaii and Puerto Rico—were awarded 
AEC fellowships in nuclear technolog 
emphasizing reactor development 
The fellowships carry a basis stipend 
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WHERE TO BUY 


Featuring additional products, special- 
ties and services for Atomic ‘ower, 
Nuclear Engineering & Applied Radia- 


tion 














URINALYSIS SERVICE 


NSEC laboratories are staffed and equipped to 
perform routine and emergency urinalysis for: 
* Total uranium * Polonium 
* Enriched uranium * Fission products 
* Plutonium * Gross activities 
* Other radicactive isotopes 


Nuclear Science and Engineering Conp 


Subsidiary of Norden-Ketay Corporation 
P.O. Box 10901, Pittsburgh 36, Penna. 








RARE EARTHS 


Highest for 


fundamental research in physics and 


purity compounds 


stry 


Write for 


rare earth compounds 


information and prices 


The Gows Chemical Co., Inc. 
P.O. Box 443, Laramie, Wyoming 











SEARCHLIGHT 
hy Jog sie]! 


UNDISPLAYED RATE 


» line. Minimum 3 lines 


DISPLAYED RATE 


$15.00 per inch 


ADVERTISING INCH: 4” on one col 


columns—-30 inches—to a page 








a TERRIFIC BARGAIN in a 


SOLA CONSTANT-VOLTAGE 
TRANSFORMER 
Ends fluctuating line 
voltage! 

BIG DISCOUNT OFF... 


2000 VA 





a l-input 
ere's another bonu rh 
1 2,000 VA overstock 
‘ >I ‘ 


ta HI,05. be 
y. or DW ey. leolated 
ad to fu 

tease 220:115 V 
the factory l-input price 


$147.50 


EXPORTERS: Note choice of 50 cycles.) 
THE M. 8. COMPANY 


220-D Beverly Hills 


>» from no lo 


i boa. 4 
P.OB 


Calif 








New Advertisements 
eceived by May 10th will appear in the 
ne issue, subject to space limitations 
Classified Advertising Division 
Nucleonics 


Box 12 New York 36, N. Y 
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of $1,800 plus other allowances, for| 
one year's study at one of 28 colleges. 
This program, like the above, is ad- 
ministered for AEC by ORINS 

@ AEC has expanded and systematized 


| its program for giving work experience | 


and plants to 


in AEC 


privately-employed 


laboratories 
scientists 
1954 
the program will now 
It offers no 


basic training, but is intended to help | 


nuclear 


and engineers. Underway since 


at Oak Ridge 
be put on a regular basis 
trained in nuclear} 


persons ilready 


technology to become familiar with | 
will be} 


like | 


training is available outside AEC: the 


specific uses (Applications 


considered on the basis of whether 
employees are qualified to take full ad- 
the 
the assignment places no undue burden 
work at the AlvC facility. 
Inquire of Director, Division of Civil- 
ARC 


vantage of work experience; and 


on regular 


ian Application Washington 


Courses 


An institute in theoretical physics 
will be held at Brandeis U., June 24 
Aug. 2 Write 
Brandeis U. summer Havden 
1-R, Waltham 54, Mass 

The third annual four-week course 
in nuclear energy fundamentals for 


for graduate students. 


St hool 


| industry will be held at North Carolina 


State’s engineering school July 1-26 


| The course includes demonstrations on 


the college’s reactor. Tuition is $500 
Write D. B, Stanse! College Extension 
Division, N. C. State College, Raleigh 
mn, © 

Three Gordon Research conferences 
ver metals at high 
zl; 
ind instrumen- 
Write W. G 


Kingston 


this summer will co 
temperatures, 
chemistry, June 24 2s 
tation, July 22-26 
Parks, U. of Rhode | 
R. I 

MIT is offering two 
nuclear reactor technology, starting 
and principles of radioiso- 
Tui 
(ran 
Dept 


June 17 nuclear 


land 
veek COUrses In 


June 24 
tope utilization, starting July 8 
tion is $250 Write Prof, 8. H 
dall, Mechanical Engineering 
MIT, Cambridge 39, Mase 

U. of ( offer i 


annual 


ilifornia second 


summer program in nuclear 


energy for industr vith a nine-week 


intensive nuclear engineering short 
course July |-Aug. 30 


needing a basic know 


lor engineers 
in this field 


A one-week nuclear engineering 


ledge 
and 


survey July &-12 giving a grounding in 
y w 


atomic energ ind its industrial ap 


plic ations to executives who must 


and administer nuclear energy 


plan 
programs 


WORLDWIDE 


Film Badge 
... | Service 


Gamma 
X-rays 


Neutrons 


Available in clip-on, 
wrist, or ring style 
for isotope and X-ray 
aboratories, medical and 
jental offices, and 
industrial plants Write 
or ‘phone for Bulletin 
N20. containing complete 
formation and orices 


@ Low Cost 

@ Prompt, Reliable Reports 

@ Provides Permanent Records 

@ Covers Wide Range of Energies 
and Exposures 

@ 5 Filters for Highest Accuracy 


A ip \ 
f One 
Source 
of 
Nucleonic 
Equipment 
for 


Every 
Field 


Uranium and Oi! 
Exploration Equipment 


#101 


#102 — Atomic Education 
Equipment 

#103 — Nuclear Labora 
tory Equipment 

#104 — Medical Radioiso 
tope Equipment 

#105 — Geiger, Propor 
tional, and Scintillation 
Detectors 


Send now for above 
new catalogs 


Dept. N74 


NUCLEONIC 


Corporation of America 
196 Degraw Street 
Brooklyn 31, N.Y 

MAin 4-7370 





CbOVCOH ANHHOUVTCES complete SUSTE nS for 


PPT los 


“errr 


tforremote 


mitoring - 
New systems for constant air par 


20 ticle monitoring new systems for 
remote area monitoring—by Victoreen 
But that’s only part of Victoreen’s 
reactor monitoring story. Equally 
important, we’re in production and can 
ship proven air particle monitoring 
systems to the latest ORNL specifica 
tions proven remote area systems 
to AEC requirements for radiation 
monitoring from a single control center 
So get the full story on reactor 
monitoring by Victoreen. That's 
Victoreen the name that means radia 
tion detection and protection 


ictoreen Instrument Company 


Instruments Division 


5806 Hough Avenue, Cleveland 3, Ohio 


NUCLEAR CALENDAR 


May 13-15—Annual meeting, Radiation 
Research Society, Rochester, N. Y 
Symposia on radiation genetics and 
on radiation chemistry. Contact A 
Edelmann, Box 10901, Pittsburgh 36. 


May 14-16—Second annual Industrial 
Nuclear Technology conference on ap- 
plied uses of radiation (Armour Research 
Foundation and WNucieonics), Chicago 
(Museum of Science and Industry). L. 
Reiffel, ARF, 3440 S. State St., Chicago 


May 28-29-——Second reactive metals 
conference (So. California section 
AIME), Los Angeles (Ambassador) 
Contact B. 8. Mesick, Arthur D 
Little Inc., Los Angeles 


june 6-8—Third conference on nuclear 
structure (Univ. Pittsburgh), Pitte- 
burgh. Contact Norman Austern, 
Sarah M. Scaife Radiation Laboratory, 
Univ. Pittsburgh 


June 10-12—Third annual meeting, 
American Nuclear Society, Pittsburgh 
Wm. Penn-Sheraton Contact W. 
W. Grigorieff, exec. secy., Box 963, 
Oak Ridge, Tenn 


June 11-—15—Third International Confer 
enceon Ionization Phenomena in Gases 
Italian Physical Society, Milan One 
of four sections will be on nuclear reac- 
tions in discharges, neutron production, 
contraction mechanisms, etc.; English 

preferred languagé Contact Ugo 
Facchini, CISI Via Procaccini 1, 
Milano, Italy 


June 15—Sept. 8—International exhibition 
“The Atom,’ near Schiphol airport, 
Amsterdam. ‘Ten countries including 
US and USSR will participate 


June 16-21—Annual meeting, Am. Soc 
for Testing Materials, Atlantic City 
Chalfonte-Haddon Contact Fred F 
Van Atta, 1916 Race St., Phila. 3, Pa. 


June 17-19—Third annual jmeeting, 
Health Physics Society, Pittsburgh 
Pittsburgh | Contact L. C, Iemer- 
son, ORNL, Oak Ridge, Tenn 


June 20-23—Fourth annualt meeting, 
Society of Nuclear Medicine, Okla- 
homa City (Skirvin Contact R. W 
Lackey, 452 Metropolitan Bldg., Den 


ver, Colo. 


July 1-6-—First international colloquium 
on corpuscular photography under 
vuspices French National Center of 
Scientific Research, Strasbourg, France 
Aims to determine state o! present 
knowledge on mechanism of photo 
graphie effect of charged particles, and 
to get a detailed report on Russian 

work in the field Contact P. Cuer 

director Corpuscular Physics Labora 


tory, University of Strasbourg 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—executive, 9 ’ ical, selling, office, skilled, manval, etc 
Positions Vacant Civil Service Opportunities Employment Agencies 
a Positions Wanted Selling Opportunities Wanted Employment Services 
“ atl Part Time Work Selling Opportunities Offered Labor Bureaus 
NATIONAL DISPLAYED —RATES— UNDISPLAYED 
The advertising rate is $15.00 per inch for all advertising payment count 5 average words as a line 


4 appearing on other than a contract basis, Contract Positions Wanted—The rate is one-half of the above 
2 rates quoted on request. payable in advance 


” 


-? ~~ | An advertising inch is measured j” vertically on a Box Numbers—counts as | line 





columna—3 columns—30 inches to a page. Discount of 10% if full payment is made in advance for 
Subject to Agency Commission. 4 consecutive insertions 
$1.50 per line, minimum 3 lines. To figure advance Not subject to Agency Commission 


Send NEW ADS or inquiries to Classified Advertising Division of NUCLEONICS, P. O. Box 12, New York 36, N. Y. June issue closes May 10 


THEORETICAL PHYSICIST MEMORANDUM 


A challenging position with Raytheon's 
Nuclear Power Group, one of New Eng 
and's fastest growing atomic power en 











terprises 


*To carry ovt basic research in nuclear 
reactor theory 


From: 


* To porticipate in research on controlled 
thermo-nuclear power 

Ph.D. or equivalent with at least two 
years additional experience. Enjoy in Subject: 

teresting, significant work with top-level 

associates, professional contacts with 

M.1.T. and Harvard, the cultural ad- 

vantages of Greater Boston, the wun To: 

matched recreational opportunities of 

beautiful New England 

Send resume today to: 

Hugh R. Boyd 

Administrative Manager 

Research Division 4 

RAYTHEON MANUFACTURING CO Action: 

Waltham 54, Mass 











REPLIES (Box No Address to office nearest you 
Th publication Classified Adv, Di 
EW YORK: P. O. Box 12 (36) 
CHICAGO: 520 N. Michigan Ave. (11 
iN FRANCISCO: 68 Post St. (4 


Position Vacant 


Opening in the Department of Radiology, Isotope 
Labora for responsible individual. Academic 
ent, research opportunity. Position and 
mmensurate ith experience and back 
Minimum requirements B.S. in Physics 

eplies to W. W. Moos, Ph.D., Universit, 

4) S. Wood Street, Chicago 12, Hhinos 


Position Wanted 








Nuc cle or Staff Consultant interest in technical sales, 
uson, staff consulting Diversified back 
th "oo asi oT “Re actor Physics, 8 yrs 
wlear field, cu veut responsible for special ENG 1 NEERS 
et th a Nuclear eens & Design firm If you have been looking for an Sw KT 
‘ Ph. D. 1948 PW-4978 ucleonics Agency that is skilled in the STATE OF THE 
ART of Technical Recruitment and RELI- NUCLEAR PHYSICIST 
Personnel Managers—Need experienced Engineers ABILITY OF INFORMATION concerning 
Pechmician We offer a booklet especially positions, why not communicate with us at 
help you R this po > once ' All Positions Fee Paid g clear Staff is seeking “ 
ree op? ‘ eserTvoir “ mines 
vet nace Nucloonie > ©. Box FIDELITY PERSONNEL SERVICE physicist or engineer to 
York %. N. ¥ 1218 Chestnut $F. Phila. 7, Pa. fal 
Specialists in Aviation and Nucleonics erp 








Our Chemical and Nu 


solve important 





shielding problems for 


~ METALLURGIST nuclear programs 
PROFESSIONAL | $12,000 att a 


design of shields for highly 
SERVICES | Assistant Chief Metallurgist new radio-active materials, air 

| division extremely progressive com scattering calculations and 
pany that has been in nuclear field remote handling equip 


since early 1940's, Liberal fringe 
benefits and unlimited opportunities 
OMEGA ENGINEERING co. Company pays all charges Wrile in complete confidence to 
Specialists in engineering and piping design PAUL F. DWYER Mr. J, MORTELLARO 
for reactor fluid systems, structural contain- Manager Nuclear Placements BURNS and ROE, Inc. 
ment, test loops, purification systems and waste Engineers §& Constructors 
disposal systems. Contact Mr. Brodsky CADILLAC EMPLOYMENT AGENCY 160 West B'way, New York, N.Y 
70 East 45 St., N. Y. 17 220 S. State St., Chicago 4, Ill. 
Murray Hill 9-7254 WAbash 27-4800 TY 








ment application 
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EMPLOYMENT OPPORTUNITIES 


REACTORS— 
CRITICAL FACILITIES 


NATIONAL REACTOR TESTING STATION 


Phillips Petroleum Com- 
pany sexpanding reactor pro 
gram at the National Reactor 
lesting Station, Idaho Falls, 
Idaho, will shortly include 
seven reactors. Career op 
portunities exist in reactor 
ph ysics and reactor engineer- 
ing. Challenging problems 
in reactor theory and design, 
kinetic behavior of reac 
tors, numerical analysis, heat 
transfer, stress analysis, and 
radiation damage are being 
offered to above-average 
technical men. 


=“. -* maT Eo 
Provisions will be made to 
give course work and on-the 
job training in reactor phys 
ics to inexperienced men 
with advanced background 
in mathematics and physics 
who desire to work in reactor 
physics 


Idaho is unrivalled as a cen- 
ter for outdoor recreation in 
an area free from metro 
yolitan congestion Idaho 
l alls, where 70% of our 1325 
employees in the Division 
live in a fine progressive city 
of over 26,000 population 
Its schools and other cultural 
facilities to meet family needs 
are well above average 


For further details direct your inquiries to: 


PHILLIPS PETROLEUM COMPANY 


P.O. Box 1259-AJ] 


Idaho Falls, Ida. 


ENGINEERS 


AND 


SCIENTISTS 


with degrees in 
E.E., M.E., Ch.E., or PHYSICS 


Honeywell 


BROWN tNETRUMENTS 


Firsts tu, Contos 


LEADS THE WAY IN 
A WORLD OF 
OPPORTUNITIES 


@ THE COMPANY—Judging a com- 
pony on its past performance consti- 
tutes sound logical thinking. Looking 
over BROWN INSTRUMENTS record of 
accomplishment tells a reassuring 
story of continuous growth during 
nearly a century of pioneering in the 
industrial instruments and control 
fleld 


@ ASSIGNMENTS — Diversified . . 

permanent, non-routine, in the newest 
scientific field of NUCLEAR INSTRU 
MENTATION and AUTOMATION. The 
bulk of our work is for industrial use 


® COMPENSATION—Rewarding . . 

salaries are competitive with those 
offered in other industries. Our bene- 
fits include free group health insur- 
ance, hospitalization and surgical 
benefits, as well as an excellent re 
tirement plan. Relocation assistance. 


@ GROWTH — Unlimited . . . your 
performance and salary is re-eval 
vated twice yearly. Our policy to 
promote from within is responsible 
for present management. 


® EDUCATION—FExcellent . . . finan 
cial assistance for those desirous of 
furthering their education at one of 
several renowned Philadelphia col 
leges or universities. 


@Men with the vision to create 
and the will to act can find an 
abundant outlet for their creative 
talent in either RESEARCH, DESIGN 
and DEVELOPMENT APPLICATION, 
or SYSTEMS ENGINEERING. What- 
ever the choice, you and only you 
will be able to control and measure 
your progress with this company, 
which leads the way in a world of 
opportunities . . 


Write to D. R. GARVEY 
Manager Employment, Dept. N 


Honeywell 


BROWN INSTRUMENTS Div. 


Wayne & Windrim Aves. 
Philadelphia 44, Pa. 
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"scientists 


ENGINEERS 


UNIVERSITY 
ASSOCIATES 


INTERNATIONAL 
ASSOCIATES 


INDUSTRIAL 
ASSOCIATES 


INQUIRIES INVITED FROM 


MATHEMATICIANS 
PHYSICISTS 

CHEMISTS 

METALLURGISTS 

CHEMICAL ENGINEERS 
METALLURGICAL ENGINEERS 
MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS 
PHYSICIANS 


Tel ADMINISTRATION 
TECHNICAL 
SERVICES 


Ahyonne 


NATIONAL LABORATORY 


Professional Personne! Office 
P.O. Box 299, Lemont, Illinois 





EMPLOYMENT OPPORTUNITIES 


WHO WE ARE... 


National Lead Company of Ohio is a 
subsidiary of the National Lead Company, an 
established and reliable name in American 
industry. Our ground floor entrance into 


atomic energy has enabled us to keep abreast 





of the newest technical advancements and 


growth in this field. The result a better 


opportunity for you to grow with a company 


that’s firmly grounded in atomic energy Reactor Fuel 
. 
Manufacturing 


WHAT WE DO... 


We operate the Atomic Energy Commission’s 
New Feed Materials Production Center in the 
outskirts of Cincinnati, Ohio. Ours is the job 





of processing uranium ores into nuclear 
reactor fuel elements embodying the 
latest chemical and metallurgical techniques. 








T ‘ i = 
WHAT WE OFFER... 


The chance to expand your individual skills HANFORD ATOMIC 


the opportunity for technical growth in 

your own field it’s all yours at National . 

Lead. No routine here your work is in PRODUCTS OPERATION 

development interesting challenging 

and offering a latitude of operation that 

enables you to put your own ideas in work To advise on long-range process 

and see them through, For the man who ind economic trends affecting re- 

wants a solid, secure career in atomic energy 

National Lead offers a top job with a top 

future in the top industry of tomorrow with 
import—and when to this is added 


vctor fuel manufacturing, carries 


it responsibility of no little 
process and economic analysis of 


WHAT WE NEED a a uranium cycles, 


for a highly qualified individual 


these duties call 


Present career opportunities now exist at 
National Lead for men quaz.ified to fill any : 
. 4 If you have either a BS or MS de 
of these positions : 
gree and at least 10 years’ experi 


ence in manutacturing engineering, 


* Chemists of which no less than three have 
* Chemical Engineers been in the atomic energy field, we 
* Ceramists would appreciate hearing from you 
* Metallurgists As a member of the staff of the 
a Metallurgical Engineers newly-created Fuels Preparation 
* Statisticians Department you will have excel 
* Physicists lent potential for advancement, 


either in your specialty or into 
management 


Write to the Employment 
Supervisor, Dept. J-101 


Write, in complete confidence, t 


Mr. E. P. Galbraith, Manager 


echnical Personnel Placement 


, Dept. FPD 


Re EU DE wanroeo aromic prooucts oPenarin 


@) nO) 511 @) 


CONTRACT OPERATOR GENERAL @® ELECTRIC 


verey Commission Project 
Fernald Atomic Enere om ; OV Richland, Wash. 
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EMPLOYMENT OPPORTUNITIES 


NUCLEAR 
ENGINEERS 


Our Nuclear Engineering Section 
has immediate openings in its expanding 


GAS COOLED REACTOR and 
CONTROL SYSTEM PROGRAM 


for engineers and scientists experienced in 


REACTOR CONTROLS 
ano INSTRUMENTATION 


REACTOR METALLURGY 


REACTOR PHYSICS 


AND OTHER AREAS OF REACTOR TECHNOLOGY 











4 


~ 


FICo’s reputation of offering only positions of permanency is unique. 
We employ only when there is a clear and definite need projected years into the future 
Send for a copy of “— and It’s a Good Place to Work,” 
a brochure yours for the asking. 


Phone (New York) STillwell 4-9000 or write to Philip McCaffrey 


FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 
31-10 THOMSON AVE ° LONG ISLAND CITY 1.WN. Y. 
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EMPLOYMENT OPPORTUNITIES 





EXPERIMENTAL PHYSICISTS 


NUCLEAR APPLICATIONS ENGINEER || soui-state pxysicists 


PHYSICAL CHEMISTS 
We offer an excellent opportunity for a nuclear applications engineer SOLID-STATE CHEMISTS 


to influence advanced weapon system planning. Experience is re- Nuclear or radiation experience 
quired in establishing technical and economic feasibility of alternate desirable but not essential. 

solutions in fields of nuclear propulsion, power generation and radio- 
logical defense, Background in estimation of nuclear weapons effects 


highly desirable 


RADIATION PHYSICISTS OR CHEMISTS 


Excellent fringe benefits, research 
atmosphere, stock options to appro 
priate individuals in small rapidly 
ents growing company. New York City 
perience to operational suitability of future weapon systems. Strong area or within 70 miles of the city 
motivation for tearmwork with diversified engineering and operations Replies strictly confidential. 


personne! is essential 


Applicants must possess capability for relating nuclear applications ex- 


P 4825 Nucleonics 
Applicants who are qualified by specific experience and education for Class. Adv. Div. P.O. Box 12 
this opening are urged to write immediately giving details of experi- N.Y. 36, N.Y. 

ence, education and salaries earned to 








DEPT. 3-429 PHYSICAL CHEMIST 


To take charge of mass spectromete: 
THE MARTIN COMPANY laboratory and carry out research in 
reaction kinetics involving mass spec 

P. Oo. Box 179 trometer 

Applicant should have Ph.D. in Phys 
Denver 1, Colorado ical Chemistry with wood electronics 


background, and one to four years 
experience with high vacuum tech 


nique Write 
Personnel Director 
om. High Energy Fuels Organization 
Research and Development Division 


OLIN MATHIESON CHEMICAL CORP. 


P.O. Box 480 Niagara Falls, N.Y 











REACTOR PHYSICISTS! NUCLEAR 
Here is the opportunity to work on INSTRUMENTATION QUICK SOLUTION 
YOUR OWN IDEAS ENGINEER TO 


in a newly-formed Reactor and Department Head Level MANPOWER PROBLEMS 
Nuclear System Section whose areas 


of interest are: } years specialized experience in the through the EMPLOYMENT 
REACTOR CONCEPTS development and application of nu- OPPORTUNITIES _ Section 
REACTOR CORE CONFIGURATIONS clear instruments such as: scalers, of this publication. The market 
REACTOR KINETICS count-rate meters, gammy ray spec- place for those offering o1 
SHIELDING STUDIES trometers, 8 intillation counters 
RADIATION PROCESSING CONCEPTS 
IRRADIATION FACILITY DESIGN 


In addition to our programmed research, B J ELECTRONICS 


unique mechanisms exist at Armour Re 
search Foundation permitting research BORG-WARNER CORP. Mie suction offecn a cnnich 
on subjects of your own choosing—not 1 ; 
just general areas-—but specific prob 
al Complete experimental and com power problems because its 
a facilities available including , ; 
omogeneous research reactor and dig 

ital computers. For an atmosphere mid SENIOR NUCLEAR ENGINEERS the type of men you need 

way between a university laboratory and THEORETICAL NUCLEAR PHYSICISTS ae - 
industry at industrial salary levels with Waste circulation is avoided 
opportunity for teaching or graduate Assignment in our Reactor Engineer- You reach only the men 
study contact: ing Department on the San Francisco 


peninsula of California 


wanting the services of men on 
Write R. H. Smirn engineering, technical and 


executive level 


3300 Newport Bivd., Santa Ana, Calif. effective solution to your man- 








readership is confined to just 


you want 


A. J, Paneral 
Please mail complete chronological 


ARMOUR RESEARCH FOUND ATION experience record, NUCLEONICS 


of Illinois Institute of Technology AMERICAN-STANDARD Classified Advertising, P. O. Box 12 
10 West 35th St Atomic Energy Division New York 36, N. Y. 
1682 Broadway 


Chicago 16, Illinois 
Redwood City, California 























May, 1957 - NUCLEONICS 





EMPLO 
YME 
NT OPPORTUNITIES 


el mond? 
pita. 32 *™ 


g Park PM i 


mo nog 
plant. 


er 
phita- 18 = 


Vol | N ad 
° 5 ay 1 
, ‘ 











HEALTH PHYSICISTS: 


NOW AVAILABLE FOR RELIABLE FAST NEUTRON MONITORING 


THE BF; ‘ om © RUGGED 
“LONG” © DEPENDABLE 
COUNTER : OEE © FLEXIBLE 


The neutron ‘‘long’’ counter has a proven record of dependability 
for fast neutron monitoring work. The TULLAMORE version of this 
instrument is designed for maximum flexibility in neutron monitoring 
applications. The BF, detector and paraffin-filled cylinder may be 
operated 40 feet or more from the electronics without loss of sensitivity. 


SPECIFICATIONS: 


. Fast Neutron Energy Response Fiat’ from 100kev to 5 Mev 

. Fast Neutron Sensitivity-——560 c/m per n/sec/cm’ for Po Be neutrons 
. Detector Plateau—-Zero slope from 1600 to 2000 volts 

. Amplifier Gain——1500 max 

. Discrimination Level——Variable from O—100 volts 

. CRM Range—720 to 10,000 cps full scale in 8 steps 

. Hi Voltage——Variable from 1000 to 2000 volts 


Address inquiries to T U L LAM oO R t 
ELECTRONICS LABORATORY 
6055 South Ashland Ave. ® Chicago 36, Illinois 








careers in peaceful 
applications of atomic energy 
COMMERCIAL REACTOR 
OPERATIONS 


Experienced Reactor Operations Engineers needed 
for a new section engaged in developing procedures, 
testing, training personne! and the start-up of for- 
eign and domestic power and research reactors. A 
minimum of a BS in Engineering or Physics with 
several years operations experience ts required for 
this program based on established contracts. 


Write today. Action will be prompt, confidential 


“4a ATOMICS 
(AT) INTERNATIONA 
Mr. G. W Reineie. pireine pon lek “7 


21600 Vanowen St., Canoga Park, California 


in Suburban San Fernando Valiey, Los Angeles) 


ANTON... 


where precision 


COUNTS 


ANTON’S 


BF, COUNTER TUBES... 
(enriched, norma! or depleted in 
B”) for detection of either slow 
or fast neutrons are widely-used 
in reactor control and monitor- 
ing, oil well logging and neutron 
survey. Available in a wide range 


of diameters, sensitive lengths 
and wall thicknesses in 2S alumi- 
num or stainless steel. 


ANTON 
END MICA WINDOW... 
alpha, beta, gamma counters are 
halogen quenched, stainless steel. 
Also available with special 
organic as well as other rare gas 
fills. Window thicknesses avail- 
able from 1 mg/cm*. Tubes vary 
from subminiature to standard 
conventional sizes and are based 
with standard RMA connectors. 
JAN types available. 


ANTON 
THIN WALL... 


stainless steel, halogen quenched 
counter tubes for beta, gamma 
studies are extremely sensitive 
and can meet all JAN-MIL 
specifications. They are the only 
commercial! metal thin wall tubes 
available with a stainless steel 
30 mg/cm* wall which will not 
dent or collapse. Instruments 


using groups of these tubes ex- 
ceed in sensitivity and stability 
most scintillation units. 


ANTON’S PANCAKE TUBES... 

are halogen quenched, sensitive beta-gamma 
detectors with end mica window.These units 
are designed for low intensity measurement 
and are widely used in facilities doing low- 
count work. Flat pancake design offers ad- 
vantage of large diameter window without 
large volume and high background count. 
(Sample changers available.) 


Anton high efficiency tubes are Plat- 
inized*. This process provides sensi- 
tivity beyond that of standard tubes. 


Write Dept. NT for complete catalog of 
Anton nuclear tubes and instruments 
* Reg. pending 


ANTON ELECTRONIC LABORATORIES, INC 
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INDUSTRIAL APPLICATIONS 
OF RADIOISOTOPES 
WITH THE 
TRI-CARB SPECTROMETER 


Tracer Research involving industrial organic 
compounds — oil and gasoline, solvents, phar- 
macevticals, plastics. 


Ground Water Studies—large sale water 
distribution problems, such as pollution and 
waste disposal. 


Large Scale Tagging of plant operation with 
sofety and economy of radioactive moteriols. 


Tri-Carb Liquid Scintillation Counting 
has opened many new possibilities for 
industrial applications of radioisotopes 
by making low level counting of soft 
beta emitters a simple routine proce- 
dure. Consider the following facts to 
see how this method might be applied 
to your own work, 

Every single organic compound can 
be uniquely identified with the radio- 
active isotopes of hydrogen and carbon. 
These isotopes... Tritium and Carbon- 
14... are readily available and simple 
to use. They emit very soft beta radi- 
ation which cannot penetrate even a 
thin glass container. Other common 
soft beta emitters that are now being 
successfully used in industrial applica- 
tions are Sulphur-35 and Calcium-45. 

Although the Tri-Carb Liquid Scintil- 
lation Spectrometer is sensitive enough 
to be used for natural radiocarbon dat- 
ing of preserved organic materials that 
are over 40,000 years old, it is still 
simple enough to be used for counting 
hundreds of ordinary samples per day. 
Obviously the possibilities for practical 
industrial applications of radioactive 
tracers are greatly enhanced now that 
measuring equipment with this inher- 
ent sensitivity is available for routine 
use, Costs, safety, etc., cease to be 
limiting factors, and even the labeling 
of consumer products becomes a prac- 
tical consideration, 

For additional general information re- 
quest Bulletin 314. For spe- 
cific information on your 
requirements, provide appli- | 
cation details. 
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New York, Boston, Philadelphia 


SALES 


REPRESENTATIVES FOR: 


Packard Instrument 
Company 


Baird-Atomic, Inc. & 


New England 
Nuclear Corporation 


ONE 
SOURCE FOR ALL YOUR 
RADIOISOTOPE NEEDS 








NEW ENGLAND 
NUCLEAR offers— 


* Labeled Compounds 
* Analytical Services 
* Consulting Services 
* Self-Luminous Sources 

a 
Only NENC can offer the unique 
combination of services and 
products listed is now this 
country's foremost producer of 
radiochemicals. 

s 
SALES REPRESENTATIVES: 


Atomic Assoc., N. Y., Phila., Boston. 
Packard instrument Co., LaGrange, Ill. 
H. E. Ransford Co., Pittsburgh. Radi- 
onics, Lid., Montreal. Sanyo Trading 


Ce., Tokyo. 
NEW CATALOG NOW AVAILABLE 


new england 


S75 ALBANY 





Minneapolis-Honeywell Regulator 
Co., Industrial Division 4th Cover 
New England Nuclear Corp... . 148 
Nuclear-Chicago Corp. ...... 35 
Nuclear Development Corporation 
of America ome 16 
Nuclear-Electronics Corp. 134 
Nuclear Enterprises itd. oF 
Nuclear Measurements Corp.. 127 
Nuclear Science & Engineering Subs. 
of Norden-Ketay Corp 
Nuclear Systems, A Division of the 
Budd Company save: 98 
Nucleonic Corporation of America.115, 
137 
Nucleonics 10, 11 
Packard Instrument Company 148 
Penberthy Instrument Co.. 104 
Picker X-Ray Corporation. ..104 
Pioneer Service & Engineering Co... 13 
Radiation Counter Laboratories, Inc. 29 
Radio Corp. of America. . tee 
Rawson Electrical instrument Com- 
pany 110 
Raytheon Manufacturing Co. ive 
Remington Rand Univac, Division of 
Sperry Rand Corp. 49 
Sandia Corporation 106 
Searchlight Section 139-145 
Stokes Corp., F. J. 112 
Superior Steel Corporation ‘ 89 
Sylvania-Corning Nuclear Corp. 41 
Technical Associates 93 
Technical Dictionaries Co.. 106 
Technical Operations Inc. 96 
Terminal Radio International Lid.. .120 
Thermal American Fused Quartz Co., 
Inc. 110 
Tracerlab, Inc. 42, 107 
Tullamore Electronics Laboratory 146 
United States Radium Corporation. 92 
Van Nostrand Company, Inc. D. 130 
Victoreen Instrument Company. 138 
Vitro Corp. of America 147 
Wah Chang Corporation 119 
Westinghouse Bettis Plant 39 
Westinghouse Electric Corp. 46, 47, 
125, 129 
Westronics Incorporated 132 
Where to Buy 137 


PROFESSIONAL SERVICES . 139 
CLASSIFIED ADVERTISING 
F. J. Eberle, Business Mgr. 


EMPLOYMENT OPPORTUNITIES 139- 
EQUIPMENT 
Used or Surplus New 
For Sale 
American-Standard Atomic Energy Div. 
Argonne National Laboratory 
Armour Research Foundation of Ii 
Inst. of Tech 
BJ Electronics, Borg-Warner Corp 
Budd Co The 
Burns & Roe, Inc 
Cadillac Employment Agency, Inc 
Chrysler Corp ; 
Fidelity Personne! Service 
Ford Instrument Co Div of Sperry 
Rand Corp 143 
General Electric Co 142 
Honeywell Brown Instruments Div 140 
M. R. Co., The 139 
Martin Co., Glenn L., Denver Div 144 
National Lead Co., of Ohio 142 
Olin Mathieson Chemical Corp 144 
Phillips Petroleum Co 140 
Raytheon Manufacturing Co 139 


This index is published as a service. 
Every care is taken to make it accurate, 
but NUCLEONICS assumes no responsi- 
bility for errors or omissions. 








May, 1957 - NUCLEONICS 

















exclusive 
BAIRD-ATOME 


product 














Instruments used to obtain curves were: 





Model 810 Scintillation Detector (with SI-3 erystal, 1')" dx I" 


Model 215 Non-Overloading Linear Amplifier 








Model 510 Single Channel Differential Pulse Height Analyzer (2) window) 
Model 312 Super-Stable High Voltage Supply 


Dube Sealer 


Model 131 Glow 














MODEL 


NON-OVERLOADING 
LINEAR AMPLIFIER 


Model 215 Non-Overloading Linear Amplifier pro 
vides faithful amplification of small pulses in presence 
. the 
proportional to the logarithm of the input pulse 


of large overload pulses. . recovery time is 
height and is about 15 microsec. for 100 times over- 
load 


lo avoid 


incoming pulses are blocked during recovery 


inaccuracy or base-line distortion, The 


MODEL 516 SCINTILLATION SPECTROME 


similar to the one used to obtain the above curves. 


excellent stability of this amplifier makes it especially 
useful for the pulse height analysis of \-rays in the 
presence of high-energy gamma rays. Actual gain 
may be figured as the product of the settings of the 
coarse and fine gain controls... selectable from 60 
to 6100 


Bulletin AM-5505-1. 


Complete specifications are contained in 


TER. is the designation for a complete, tested system 


The system includes: a standard Model 810 Sein 


tillation Detector which is connected to a dust-free, fan-ventilated cabinet containing Models 312, 510, 


215, and 131 (described above). 
/ Aditi 
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BAIRD ATOMIC 


‘ Baird- Atomic, Inc. 


33 UNIVERSITY ROAD, CAMBRIDGE 38, MASS. 








Scientist at Battelle Memorial Institute observes reactor core prior to startup. Control console 
at left includes Honeywell ElectroniK strip chart instruments to record nuclear radiations 
and power level; and Honeywell safety amplifier for simplified emergency shutdown of reactor. 


Honeywell packaged control console 


operates new swimming pool reactor 


A new nuclear reactor, key part of the 
nation’s first complete, privately-operated 
atomic research center, features a Honeywell 
control system. This new swimming pool 
type reactor at the Battelle Memorial Insti 
tute’s Atomic Energy Research Center, Co 
lumbus, Ohio, was built by American Ma 
chine and Foundry Company. Honeywell 
engineered the electronic control portion of 
the console to AMF specifications, and de 
livered the console to the site completely 
assembled, ready for immediate installation 
The system features the new Honeywell 
developed safety amplifier which provides 
simplified emergency shutdown of the reactor 
Extra fuses and fast-acting relays overcome 
the dangers of locked snagged 
contacts and short circuits. Included in the 


magnets, 


system are a low-level period amplifier, which 


H 


BROWN INSTRUMENTS 


differentiates the log count rate meter output 
to give a period signal for safety during start- 
up, and a log N and period amplifier with two 
functions combined in a single unit for extra 
convenience and economy. 


Honeywell's specialized staff of nuclear con- 
trol engineers have been active in the atomic 
research program since its inception. Whether 
you're working with nuclear reactors for 
research, power or production, you'll find it 
advantageous to call on Honeywell for full 
control engineering service including 
with installation, testing and 
follow-up. Call your nearby Honeywell 
field engineer. He’s as near as your phone. 


assistance 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.—in Canada, 
Toronto 17, Ontario. 


Minn BavePoteits 


oneywell 
Fiat oe Covtiols 





